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Abstract
Background: Thirteen thousand to15000 persons develop stroke annually in Norway and the 
prevalence is estimated at 50 000 per total population. Recovery after stroke is influenced by 
both intrinsic and extrinsic factors. The recovery can be categorised as spontaneous, due to 
reparative processes, and due to reorganisation of neural mechanisms, plasticity. This 
plasticity is thought to be driven by experiences, mobility, activity, interventions and the 
physical features of the environment and its demands. Physiotherapeutic intervention can be 
said to be a driver of these plastic and dynamic changes, with its focus on mobility and 
activities. 
Aims:  The overall aim of this research was to evaluate the effect of physiotherapy in the 
acute and chronic stages of stroke. A further aim was to investigate the association between a 
stroke patient’s perception of his / her health-related quality of life and actual the motor and 
ADL performance. 
The specific aims were: 
        - to compare the effects of two physiotherapy approaches in the acute and chronic stages of 
first-time-ever stroke  
        - to investigate the association between gait velocity and static and dynamic balance  
        - to investigate the effect of compulsory intensive physiotherapy training during four periods 
compared to treatment when needed during the first year after first-time-ever stroke. 
Design: Studies I, II and IV were longitudinal randomised controlled stratified trials. Study III 
was an exploratory study. 
Materials and Methods: All patients were recruited from the stroke unit at the local hospital.  
The patients in papers I and II were treated according to the Motor Relearning Programme 
(MRP) or by the Bobath approach. The patients in paper IV were divided in an intensive 
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exercise group (IG), which received compulsory intensive exercise regularly and a regular 
exercise group (RG) with follow-up treatment if needed during the first year after stroke. 
 Outcome measures were chosen to reflect function according to the International 
Classification of Function, WHO: Motor Assessment Scale (MAS); Sødring Motor 
Evaluation Scale (SMES); Barthel Index of Activities of Daily Living (BI); Nottingham 
Health Profile (NHP); Berg Balance Scale (BBS); 6-Minute Walk Test (6MWT); Timed Up-
and-Go test (TUG);  and grip strength. In addition length of stay, use of assistive devices, 
destination after discharge, use of community services, occurance of new strokes and other 
diseases, occurance of falls and pain, exercise habits and compliance were recorded. 
Results: Study I: Patients treated according to MRP stayed fewer days in hospital than those 
in the Bobath group (mean days 21 vs 34, p=0.008). Both groups improved their scores in 
MAS and SMES, but improvement in motor function was significantly better in the MRP 
group (MAS: p =0.002, SMES 2: p=0.02). The two groups improved in BI scores but did not 
differ significantly regarding total score. There were significant differences, however, in BI 
subscores bladder (p=0.01), bowel (p=0.004), and independence in toilet situations (p=0.02), 
in favour of the MRP group. 
Study II: Both groups showed decreased motor function, postural control and activities of 
daily living (ADL) one and four years after stroke, leaving many patients dependent and with 
a risk of falling. Life quality had increased but was still low compared with that of healthy 
persons of similar age. Physiotherapy as a follow-up service was seldom used. The initial 
physiotherapy approach did not seem to influence the patients’ ability to cope in the long run. 
Study III: Correlation coefficients on admission between 6 MWT and the balance measures 
MAS items 3 and 5, and BBS items 6 and 8 were between 0.75 and 0.82 (Table 5). The same 
correlations were somewhat lower (0.56 – 0.67) at discharge. The correlation coefficients 
between TUG and 6MWT, for those who could perform on both occasions (n = 41), were 
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high (rs  = -0.80 / -0.73). In stepwise regression analysis MAS item 5 (walking) (p<0.01) was 
the strongest explanatory factor for gait velocity. When this item was removed, TUG 
(p<0.001), MAS item 3 (p<0.01) (sitting balance) and BBS item 8 (p<0.03) (reaching 
distance) were the strongest explanatory factors on admission, with an adjusted R2 of 0.85. At 
discharge, the strongest explanatory factors for gait velocity were TUG (p = 0.02), MAS item 
3 (p<0.001) and BBS item 8 (p<0.001), with an adjusted R2 of 0.76.
Study IV:  Both groups improved significantly up to six months, when function stabilised. 
The groups did not differ significantly on any test occasions. The difference in improvement 
from admission to discharge was significant, in favour of the intensive exercise group, in the 
MAS total score (intensive exercise group 7.5; regular exercise group 1.7, p=0.01), and in the 
BI total score (17.4 vs 8.9, p=0.04). 
 Conclusion: Studies I and II; Physiotherapy treatment using the Motor Learning Programme 
is preferable to that using the Bobath concept in acute rehabilitation of patients with stroke. 
There is no carry-over effect of gains obtained during initial physiotherapy regimes on long- 
term function. Study III; There is a strong relationship between walking and both dynamic and 
static balance in acute rehabilitation of patients with stroke, indicating that static balance and 
dynamic balance need to be addressed equally in early rehabilitation of stroke patients, and 
are closely related to task, e.g. walking, getting up from a chair, turning, and reaching, and 
cannot be regarded as separate from the task. Study IV; Motor function, ADL functions and 
grip strength improved initially and were maintained during the first year after stroke in all 
patients irrespective of exercise regime. A high positive impact of training on compliance to 
and motivation for exercises in the year after stroke in both groups probably contributed to the 
results. Thus, the overall results of this study were positive, indicating that a more intensive 
follow-up programme during the first year after stroke is highly favourable. A follow-up 
programme on a consultative basis is as beneficial as a compulsory exercise programme. 
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However, these exercises need to be instituted and encouraged by medical staff with 
knowledge of and an interest in intensive functional exercise programmes individually 
tailored for stroke patients. 
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Norwegian summary 
Bakgrunn: I Norge får ca 13-15000 personer hjerneslag hvert år, og prevalens av hjerneslag 
er beregnet til ca 50 000 personer. Av de som får hjerneslag blir ca 50 % (n=7620) innlagt på 
en av de 48 eksisterende slagenheter. Slagenheter i kombinasjon med nasjonalt slag register 
har bidratt til forbedret slag behandling. I hvilken grad pasienter opplever bedring etter et 
hjerneslag er avhengig av både interne og eksterne faktorer. Bedring etter hjerneslag skyldes 
delvis spontanbedring, som skyldes kroppens evne til å reparere seg selv, og delvis 
reorganisering av neurale mekanismer (plastisitet), som påvirkes av trening, aktivitet og 
miljø. Fysioterapeutisk behandling med fokus på mobilitet og aktivitet stimulerer til plastiske 
forandringer.
Mål: Hovedmålet med denne avhandlingen var å evaluere effekten av fysioterapi, i akutt og 
kronisk stadium etter hjerneslag, etter Internasjonal klassifikasjon av funksjon, 
funksjonshemming og helse (ICF), og i lys av motorisk kontroll teori. Et annet mål var å 
undersøke assosiasjonen mellom slagpasientens subjektive egenevaluering av helserelatert 
livskvalitet og faktisk motorisk funksjon og selvstendighet i daglig livets aktiviteter. 
De spesifikke målene var: 
- å evaluere effekten av to fysioterapi tilnærminger 
- å undersøke assosiasjonen mellom ganghastighet og statisk og dynamisk balanse 
- å undersøke effekten av obligatorisk regelmessig fysioterapi i fire perioder sammenlignet 
med til fysioterapi ved behov i løpet av det første året etter første gangs hjerneslag. 
Design: Studie I, II og IV var longitudinelle randomiserte, kontrollerte, stratifiserte studier. 
Studie III var en eksplorativ studie. 
Materiale og Metode: Alle pasienter ble rekruttert på slagenheten på det lokale sykehuset. 
Studie populasjon 1 var 61 pasienter med første gangs hjerneslag, 35 menn og 25 kvinner, 
med gjennomsnittsalder 78 år (49-95 år). Studie I og II. 
12
Studiepopulasjon 2 var 57 pasienter med første gangs hjerneslag, 31 menn og 26 kvinner, med 
gjennomsnittsalder 74 år (38-98 år). Studie III. 
Studiepopulasjon 3 inkluderte 75 første gangs hjerneslag, 43 menn og 32 kvinner, med 
gjennomsnittsalder 73 år (38-98 år). Studie IV. 
I studie I og II fikk pasientene behandling med Motor Relearning Programme eller i forhold 
til Bobath metoden. Pasientene i studie IV ble delt i en intensiv trenings gruppe, med skjema 
lagt trening i første året etter slag, den andre gruppen fikk behandling ved behov. 
Målemetoder ble valgt på de ulike nivåene i Internasjonal klassifikasjon av funksjon, 
funksjonshemming og helse; Motor Assessment Scale (MAS), Sødring Motor Evaluation 
Scale (SMES), Barthel Index of Activities of Daily Living (BI), Nottingham Health Profile 
(NHP), Berg Balance Scale (BBS), 6 Minute-Walk-Test (6MWT), Timed Up-and-Go test 
(TUG) og hånd styrke. I tillegg ble det registrert: liggetid på avdeling, bruk av gang 
hjelpemidler, utskrivnings destinasjon, bruk av kommunens tjenester, nye hjerneslag og andre 
sykdommer, incidens av fall, smertetilstander, treningsvaner og oppfølgning av trening. 
Resultat: Studie 1: Pasienter som ble behandlet etter fysioterapitilnærmingen Motor 
Relearning Programme (MRP) hadde kortere liggetid på sykehuset sammenlignet med 
pasienter som ble behandlet etter fysioterapitilnærmingen Bobath (gjennomsnittlig liggetid 21 
dager versus 34 dager, p=0.008). Begge grupper hadde fremgang både i MAS og SMES, men 
bedringen i motorisk funksjon var signifikant bedre i MRP gruppen (MAS; p=0.002, SMES 2; 
p=0.02). Begge grupper ble bedre i BI skår, uten signifikant forskjell i BI total skår, men med 
signifikant forskjell i favør av MRP gruppen i BI delskår for blærefunksjon (p=0.01), tarm 
funksjon (p=0.004) og selvstendighet i forhold til forflytning til og fra toalett (p=0.02). 
Studie 2: Begge grupper, MRP og Bobath, hadde nedsatt motorisk funksjon, postural kontroll 
og i dagliglivets funksjoner ved ett og fire års oppfølging, med den konsekvens at mange 
pasienter var avhengig av hjelp og hadde stor risiko for fall. Egenrapportert livskvalitet viste 
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bedring, men var fremdeles lav i forhold til friske personer på samme alder. Fysioterapi som 
oppfølging ble lite brukt. Den initiale fysioterapi tilnærmingen hadde liten betydning i forhold 
til pasientens kapasitet til å mestre dagliglivets funksjoner i et lengre perspektiv. 
Studie III: Korrelasjons koeffisienter ved test 1 mellom 6MWT og balanse målene MAS, 
delskår 3 og 5, og BBS del skår 6 og 8 var r = 0.75 - 0.82. Korrelasjonene var noe lavere 
(r=0.56-0.67) ved utskriving. Korrelasjons koeffisienter mellom 6MWT og TUG, for de som 
kunne gjennomføre testen (n=41) ved begge test tilfellene, var høy (r=-0.80 / -0.73). I en 
trinnvis regresjons analyse var MAS del skår 5 (gange) den sterkeste forklarings variabel for 
ganghastighet. Når MAS del skår 5 ble fjernet fra modellen var TUG (p<0.001), MAS del 
skår 3 (p<0.001) (sittende balanse) og BBS del skår 8 (p<0.03) (strekke seg fremover i 
stående) forklarings variabler ved test 1 med en justert R2 =0.85. Ved test 2 forklarte samme 
variabler TUG (p=0.02), MAS del skår 3 (p<0.001) og BBS del skår 8 (p<0.001) 
ganghastighet med justert R2 = 0.76.
Studie IV: Begge grupper fikk signifikant bedret motorikk, styrke og ADL frem til 6 måneder 
etter hjerneslaget mens utviklingen stabiliserte seg deretter. Det var ingen signifikante 
forskjeller mellom gruppene. Grad av bedring var signifikant til fordel for den intensive 
trenings gruppe på MAS total skår (IG 7.5, RG 1.7, p=0.01) og i forhold til BI (IG 17.4, RG 
8.9, p=0.04).
Konklusjon: Studie I og II; Fysioterapi behandling etter Motor Relearning Programme er å 
foretrekke fremfor Bobath behandling i akutt rehabilitering av hjerneslagpasienter.
Studie III; Det er en sterk assosiasjon mellom gange, dynamisk og statisk balanse hos akutte 
pasienter med hjerneslag. Denne assosiasjonen indikerer at balanse, både statisk og dynamisk 
må trenes spesifikt hos pasienter med hjerneslag. Balanse må sees i forhold til oppgaven som 
skal utføres; eksempelvis gange, reise seg fra stol, snu seg, og kan ikke betraktes som en 
separat øvelse.
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Studie IV; Motorisk funksjon, aktiviteter i daglig livets funksjoner og håndstyrke ble bedre og 
ble opprettholdt det første året etter hjerneslag uavhengig om de tilhørte gruppen med 
obligatorisk fysioterapi eller ikke. Hyppig og regelmessig trening i begge grupper bidro til 
dette resultatet. Denne studie indikerer at et regelmessig treningsopplegg hele første året etter 
et hjerneslag er meget viktig for å oppnå og opprettholde optimal funksjon. Resultatet viste 
imidlertid også at oppfølging på konsultativ basis er like effektiv som et obligatorisk 
tilrettelagt trenings opplegg hos fysioterapeut. Treningsopplegget bør sannsynligvis ledes og 
oppmuntres av medisinsk personell med interesse og kunnskap om funksjonelle trenings 
program for pasienter med hjerneslag. 
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1 Background  
1.1 Stroke - General aspects 
Stroke is defined as “rapidly developed clinical signs of focal (or global) disturbance of 
cerebral function, lasting more than 24 hours or leading to death, with no apparent cause other 
than vascular”, as defined by the World Health Organization (WHO) (1). Transitory 
ischaemic attacks (TIA) are brief attacks of cerebral dysfunction of vascular origin in which 
the symptoms disappear within 24 hours. Eighty-five per cent of all strokes are caused by 
thrombosis or embolus, 10 % are caused by haemorrhage and 5 % by subarachnoid 
haemorrhage (2).  
The incidence rate of stroke in Norway is estimated to be 3.1 / 1000 (3). 
Approximately 13 000 -15 000 persons develop stroke per year and the estimated prevalence 
in Norway is 50 000 per total population, i.e. approximately 1% - 1.8% (4, 5). In comparison, 
the incidence of stroke in Western Europe is estimated to be < 100 / 100 000 for men and < 70 
/ 100 000 for women and in Eastern Europe and the former Soviet Union the estimates are 
306-156 / 100 000 for men and 222-101 / 100 000 for women (6).
The introduction of computed tomography (CT) and better diagnostics of stroke are 
believed to have increased the reported incidence rates in the last decades (3). On the other 
hand, it is hypothesized that a more intensive treatment of hypertension has reduced these 
rates so that the incidence of stroke has been reported to be unchanged or only slightly 
increased over the last decades. Men are more likely to have a stroke than women, but this 
trend is reversed after the age of 85 years. In addition, the incidence increases with age and 70 
% of all patients with stroke are over 70 years of age (3, 7).  
Stroke is the third cause of death in Norway. However, there has been a reduction in 
deaths in the last decades, resulting in a higher prevalence (4, 8) (Fig. 1). That is, lethality has 
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gone down in patients aged < 75 years, from 20 % in 1985 to 11 % in 1998, but remains 
stable among persons over 75 (9-10). This increase in prevalence will lead to an increased 
population living with stroke, in need of care and rehabilitation.
Figure 1: Differences in stroke mortality between men and women in Norway 1951 – 2003, 
all ages; 0 – 70+. Blue / dark line = men, pink / grey line = women 
1.2 Acute stroke 
Stroke units have been established during the last decades, starting in the 1980s, with the aim 
of giving patients with stroke maximal care. Stroke units are defined as interdisciplinary 
stroke teams including specialist physicians, nurses, occupational therapists, physiotherapists, 
speech therapists and social workers in the acute hospital, organised as a ward or a mobile 
team in charge of patients with acute stroke (10). It is recognised that stroke units improve 
and hasten the rehabilitation of patients and it would be preferable that all patients with stroke 
could have access to this form of care (2, 11-14).  
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 In the year 2005, 14 984 persons in Norway were registered with the diagnosis 
stroke according to the International Classification of Diseases -10 (ICD-10); G81 (0-9) 
(hemiplegia), I61 (1-2, 5-6, 8-9) (hæmorraghia cerebri), I62.9 (unspecified intracranial 
bleeding-non-traumatic, I63.0 (1-6, 8-9) (hemiplegia due to thrombosis, embolus) and I64 
(apoplexia). Approximately 7600 of these stroke patients were treated in a stroke unit the 
same year (15). This means that in that year 51 % of all patients with stroke were admitted to 
the 48 existing stroke units in Norway (16). In comparison, Sweden has 80 stroke units and 
73 % of all patients with stroke are treated in these units (9). 
Stroke units in combination with the development of National Stroke Registers have 
led to improved stroke care. The National Stroke Registers target and register quality of 
treatment and lack of treatment of patients with stroke, contributing to easily accessible 
information and knowledge about stroke (11). A national register is currently under 
development in Norway with its centre in Trøndelag.(17). 
National guidelines have been introduced in order to standardise and improve stroke 
care in several countries, e.g. Sweden, Australia, USA, Canada and England, to mention a few 
(18-20). The guidelines are based upon and developed according to evidence-based medicine, 
thereby providing recommendations for the best up-dated treatment and rehabilitation, which 
should warrant the quality of treatment for stroke patients. The national guidelines are the 
basis for clinical guidelines and these are developed locally to support clinicians in their daily 
practice. Clinical guidelines are defined as “systematically developed statements which help 
the practitioner and patient to make decisions about appropriate health care in specific 
circumstances” (21).
Impairments, activity limitations and participation restrictions in stroke patients will be 
discussed in more detail in section 1.5. 
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1.2.1 Recovery after stroke 
Recovery after stroke is influenced by both intrinsic and extrinsic factors. A brain lesion 
affects both the anatomy and the physiology of the nervous system. The size of the brain 
lesion has the greatest impact on neurological recovery in both animal and clinical research 
studies (22- 23). All living organisms have an inherent capacity to self-organize throughout 
life and so recovery can be categorized as spontaneous, due to reparative processes, and due 
to reorganization of neural mechanisms, influenced by use and experience (24).
Spontaneous recovery probably represents the return to function of undamaged parts 
of the brain through resolution of local factors like oedema and the absorption of necrotic 
tissue debris and opening of collateral channels for circulation to the lesion area (25-26). This 
development is rather short in time, 3-4 weeks, and further recovery is explained by other 
mechanisms which underlie what is called brain plasticity, that is reorganization of neural 
mechanisms. Brain plasticity includes unmasking of pathways previously functionally 
inactive, sprouting of fibres from surviving nerve cells with formation of new synapses and 
redundancy in neural circuitry, i.e. multiple parallel pathways sub serving similar function
(27-29). This plasticity is thought to be driven by experiences, mobility, activity, interventions 
and the physical features of environment and its demands (24-32). Physiotherapy intervention 
can be said to be a driver of these plastic and dynamic changes with its focus on mobility and 
activities (33-35).
Patients who do not receive in-patients care could be seen as example of “spontaneous 
recovery”. A study, which focused on patients with stroke that had not been admitted to 
hospital, concluded that; “Stroke patients not admitted to hospital have significant levels of 
disability which does not change substantially in the year after stroke” (36). The result of this 
study would indicate the importance of “drivers” of reorganization of neural mechanisms.
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1.2.2. Predictors of recovery after stroke 
Factors that have been identified as valid predictors of recovery after stroke are admission 
ADL score (37-41), urinary incontinence (37-38, 41-43), degree of motor paresis or paralysis 
(37-38, 43), age (37-41), loss of consciousness within the first 48 hours after stroke (37, 43), 
disorientation in time and place (37, 44-47), sitting balance (37-38, 41, 46), status following 
recurrent stroke (37, 40-41, 46, 48), level of perceived social support (37, 46-47) and 
metabolic rate of glucose outside the infarction area in hypertensive patients (37, 49). The 
methodological heterogeneity of many of these studies has been commented on by Jongbloed, 
who points out that; “It is important to identify factors that predict which patients have greater 
(or less) than predicted recovery. If interest lies with the prediction of function, at a particular 
point after the stroke, function should not be measured at discharge, since length of hospital 
stay varies enormously, but at a set time post stroke” (50). 
Predictions can also be made regarding the pattern of brain activation (26). It has been 
shown that in patients with smaller injuries to the brain the ipsilateral hemisphere is activated 
to a greater extent (22). That is, a greater injury is associated with reduced laterality of brain 
activity (32, 51-52). 
1.3 Chronic stroke 
Approximately 70-80 % of all patients with stroke survive one year after the onset. The 
mortality rate thereafter is approximately 10 % every 6 months (53).  Fifty per cent of the 
patients who survive a stroke display little or no reduction of function 28 days after the onset 
of symptoms, 20 % of the survivors have a major disability and 30 % a moderate disability in 
need of care, treatment and rehabilitation in the same period (54). Fifty per cent of the patients 
with stroke report lower quality of life and 20-40 % depression and anxiety between 6 months 
and 7 years post-stroke (55-59).
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1.3.1 Secondary complications in chronic stroke 
Secondary complications are not caused directly by the stroke but occur as a result of loss of 
function in one of the systems. Many patients with stroke experience secondary complications 
due to paresis / paralysis, reduced sensation, aphasia and apraxia (60-63).
In a study by Langhorne et al (60) approximately 85 % (n=311; 161 male, 150 female; 
mean age 76 years) of hospitalized patients with stroke experienced some form of secondary 
complication (Table 2).  
Table 2. Langhorne et al. Medical complications after stroke: a multicenter study. Stroke 
2000;31(6):1223-9.
Secondary complications Patients with stroke 
(n=311) % 
Recurrent stroke 9
Epileptic seizure 3
Infections:
Urinary tract infection 24
Chest infection 22
Others:
Mobility related falls 25
Falls with serious injury 5
Pressure sores 21
Thromboembolism:
Deep venous thrombosis 2
Pulmonary embolism 1
Pain:
Shoulder pain 9
Other pain 34
Psychological:
Depression 16
anxiety 14
emotionalism 12
confusion 56
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In other studies of secondary complications varying prevalence rates have been found. 
For example venous thrombus or embolism is reported in 20 -75 % of stroke patients (61-63), 
the occurrence of shoulder pain in 5-93 % (64-65) and / or the occurrence of general pain in 
23-32 % (63-64, 66). In one study the prevalence of faecal incontinence in patients with 
stroke was found to be 11 % of after one year (67) and dysphagia has been identified during 
bedside evaluation in 40 % of patients with stroke (68). Depression is experienced by 
approximately 25-79 % patients with stroke (56- 58, 61), and in one study 19 % of the 
patients with stroke exhibited spasticity after three months (69). Although the prevalence is 
uncertain, there is agreement the type of secondary complications that might arise after stroke 
(61-69).
Inactivity as an indirect cause of stroke often leads to reduced endurance and strength 
(70- 75), which might be considered secondary complications. Reduced endurance and 
strength will in the long run directly affect the levels of activity and participation (76). 
The differentiation between impairments directly related to stroke and secondary 
complications that arise as a result of such impairments can be diffuse. This in turn might lead 
to difficulty in discriminating between improvements of directly stroke-related impairments 
and reduction of secondary complications in chronic stroke patients. Some of the 
improvements in function that occur a long time after the stroke incident may well be 
explained by reduction of secondary complications, such as inactivity leading to reduced 
endurance, reduced strength, reduced balance and reduced mobility, to mention some (77). 
1.4 Classification of functioning, disability and health 
The World Health Organization (WHO) has developed the International Classification of 
Functioning, Disability and Health (ICF) to provide a unified and standard language and 
framework for the description of health. WHO has defined health as a state of complete 
physical, mental and social well-being and not merely the absence of disease or infirmity 
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(World Health Organization, World Health Organization Constitution, Basic Documents. 
Geneva:WHO 1948) (78). The domains in ICF are health domains or health-related domains 
and are described in the perspective of the body, the individual and society in two lists: (1) 
body function and structures and (2) activities and participation (Fig. 2) (79).
Figure 2: The model of disability that is the basis of the International Classification of 
Functioning, Disability and Health (ICF) 
Functioning is an umbrella term encompassing all body functions, activities and 
participation. Similarly, disability serves as an umbrella term for impairments, activity 
limitations and participation restrictions. ICF also lists environmental factors that interact with 
all these constructs.  
1.3.2 Definitions of ICF components in the context of health 
Body functions are the physiological functions of the body (including psychological 
functions).
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Body structures are the anatomical parts of the body, such as organs, limbs and their 
components. 
Impairments are disorders of body function or structure such as a significant deviation or loss. 
Activity is the execution of a task or action by an individual. 
Activity limitations are difficulties in executing actions. 
Participation is involvement in a life situation. 
Participation restrictions are limitations in involvement in life situations. 
Environmental factors make up the physical, social and attitudinal environments in which 
people live and conduct their lives. 
Personal factors constitute the background of a particular individual’s life and living, and 
comprise features of the individual that are not components of a health condition or a state of 
health, e.g. gender, age, overall behaviour pattern, coping ability and character style. Personal 
factors are not listed in the ICF. 
1.5 Impairments, activity limitations and participation restrictions 
Several body functions and structures may be impaired after stroke. These impairments may 
result in activity limitations and/or participation restrictions. Some common impairment is 
impaired motor function, sensory and perceptual deficits, impaired balance, cognitive 
limitations, aphasia and depression (39, 44-45, 48, 80-129). 
1.5.1 Impairments after stroke 
Motor function 
Paralysis and/or weakness of one side of the body, i.e. hemiplegia or hemiparesis, are the 
most commonly reported impairment after stroke (80-82). Motor deficits in patients with first- 
time-ever stroke have been reported to be present in 77% in the upper limb and 72% in the 
lower limb (248). In the acute stage this weakness is caused by a disrupted neuro-muscular 
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connection. In the chronic stages a secondary muscular weakness and atrophy in the 
functioning muscles may also be due to disuse (72-75, 80-82).
Tone - The upper motor neuron syndrome has been described as consisting of both 
negative and positive features (83-87). Negative features are decreased tone with signs of 
flaccidity-muscle weakness; slowness of muscle activation; and loss of dexterity. Positive 
features include increased tone which may lead to the development of spasticity (hyper- 
excitability) and resistance to passive movement (hyper tonicity).  It has been recognised that 
increased muscle tone is due not only to increased reflex activity but also to intrinsic changes 
of the muscles (83), and thus Carr and Shepherd extended the description of positive and 
negative features by introducing the expression adapted features (84). Adapted features are a 
result of the positive and negative features, and are manifested clinically as muscle and 
connective tissue changes and altered motor patterns (24, 83). It is proposed that after three 
months a possible increase in resistance to passive stretch is mostly due to intrinsic changes of 
the muscle (83). 
The prevalence rates of spasticity in patients with first-ever stroke 3 and 12 months 
post stroke have been reported to be as low as 19 % and as high as 38 % (69, 86). It has been 
suggested that spasticity may contribute to impairment of movement function and to 
limitation of activity, but it seems to have a less pronounced effect on health-related quality of 
life (HRQL) (87).
Incontinence - Urinary incontinence can affect 40-60 % of people admitted to 
hospital after a stroke, with 25 % still having problems on hospital discharge and about 15 % 
remaining incontinent at one year (88-90). Some reported prevalence rates of post-stroke 
faecal incontinence in stroke survivors are 30 % (7 to 10 days), 11 % (3 months), 11 % (1 
year), and 15 % (3 years) (91).
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Sensory function 
Vision is an important modality for postural control and movement (92-95). Homonymous 
hemianopsia is a common symptom in stroke. In a retrospective study of patients with 
homonymous hemianopsia medical records were screened over the period 1989 to 2004. A 
total of 904 cases of this visual condition were found and of these, 629 (70 %) had a diagnosis 
of stroke. It was concluded that stroke was the most common cause of the syndrome (96).
 Somatosensory impairment - is reported in up to 60 % of patients with stroke (97-99).
Somatosensory modalities include light touch, vibration, temperature and proprioception. 
Reports suggest that somatosensory impairments are linked to poor spontaneous use of a limb, 
particularly the hand, which may lead to deterioration of the function related to hand 
movement (99-100).
Pain In a recent study in 297 patients with stroke, moderate to severe pain was reported 
by 96 (32 %) of these patients after 4 months. At 16 months, only 62 patients (21 %) had 
moderate to severe pain, but the pain intensity was more severe. The pain was persistent in 47 
%, disturbed sleep in 58 %, and required rest for relief in 40 % of the patients (54, 66, 88).
Pain after stroke is perhaps a neglected issue (101).
Shoulder pain occurrence among patients with stroke varies, with a reported 
frequency of 5 – 84 % (65, 102). Hemiparetic shoulder pain has been associated with 
weakness, immobility, abnormal muscle tone, glenohumeral subluxation and somatosensory 
impairments of the upper limb (65-66, 102).
Mental function 
Impaired consciousness  after stroke is a negative sign which is present in about 20 % of 
patients and is closely related to high mortality (44,104).
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      Emotional symptoms Thirty to 40 % experience depression and anxiety (46, 106-108). 
  Perceptual deficits are fairly common; 26-52 % exhibit neglect (45, 59) and apraxia has 
been observed in 28 % of all patients with a left hemisphere lesion staying in rehabilitation 
centres and 37 % in nursing homes (105). 
Communication - impaired function of speech muscles may result in dysarthria which is 
reported to be present in 20-40 % of patients with acute stroke (109). Aphasia is defined as a 
disorder or loss of speech and language abilities caused by a brain injury. It is estimated that 
20-38 % of patients with stroke suffer from aphasia in the acute stage, but this figure is 
reduced to 12-18 % six months after stroke (110-111).
Oral apraxia has been observed in 6 % of 618 patients with stroke, 9 % of those with a 
left and 4 % of those with a right hemisphere lesion (112). 
Impaired balance – impaired postural control 
Human balance is an operational construct, most often referring to the ability of a person not 
to fall. A mechanical definition of equilibrium is the state of an object when the resultant load 
(forces or movements) acting upon it is zero (Newton´s first law) (113). The position of the 
centre of mass (COM) or centre of gravity (COG) in relation to the base of support (BOS) is 
highly related to the static balance. In humans muscular activity is a mechanism used to 
counteract the forces of gravity and acceleration. This is known as postural control.  
Postural control can be defined as the act of achieving, maintaining or restoring a state 
of balance during any posture or activity (93). In order to meet biomechanical challenges of 
tasks and environment, the postural control system needs adequate sensory input, efficient 
central processing and an effector system of afferent nerves, muscles and joints (114-115).
Postural control strategies may be proactive, reactive, predictive, or a mixture of all three (93).
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The main cause of balance disturbances after stroke is the lesion in the central nervous 
system (CNS), which affects information processing, integration of sensory input, and the 
effector pathways (93). Impairments with a negative impact on balance are disorders of the 
vestibular system (47, 93) and vision (94-96, 115), muscle weakness (93, 95), reduced muscle 
tone (93, 115), loss of range of motion (93) and impaired proprioception (93, 115). Prevalence 
rates of impaired balance after stroke have not been reported, but if balance is seen in 
conjunction with motor deficits, affecting postural control, a prevalence of approximately 70 
% can be assumed in patients with stroke, but this is pure speculation (248).
1.5.2 Activity limitations after stroke 
There is no internal hierarchical order of affect between impairments, activities and 
participation. Impairments after stroke may lead to activity limitations. On the other hand, 
patients with impairments may well be able to carry out activities and participate in all major 
areas in society and life. Independence in activities does not rule out the possibility of 
participation problems or problems due to environmental or personal factors (116).  
Areas of activity where limitations might arise after stroke are defined by WHO/ICF 
as learning and applying knowledge, general tasks and demands, communication, mobility, 
domestic life and self-care (116-117). 
Mental impairments and communication difficulties may influence 
learning/application of knowledge or general tasks/demands, or all of these, which might lead 
to both direct and indirect limitations of activities (118-119).
  Mobility limitations such as transfer, gait and stair-walking difficulties can be major 
problems after a stroke (120-121). In a recent study by van Wijk et al, it was concluded that 
although many patients that survive a stroke achieve some form of independence in 
ambulation, few attain the same level of velocity and distance as their healthy counterparts of 
the same age (48). In the same study, however, it was found that the level of mobility attained 
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during inpatient rehabilitation remained stable in the majority of patients with stroke over the 
second year after the onset (48).  Only 12 % showed a decline in mobility, and depression was 
the only predictor of decline. 
  Dependence in activities of daily living (ADL) is reported to be highest immediately after 
a stroke, but is decreased one year post-stroke (39). It is generally agreed that the ADL 
improvements in most stroke patients are maximal within six months (122-123). However, 
there is a high risk of functional decline after the post-acute rehabilitation period (124-125).
Functional decline in patients with stroke living in the community has been reported to be 
largely dependent on the clinical characteristics of the patient in question. Three of four 
analysed concomitant disabling conditions were associated with functional decline. These 
were pressure ulcer, urinary incontinence and hearing deficit, all of which can be prevented 
and possibly treated or modified, in contrast to the fourth condition, cognitive decline, which 
cannot.
1.5.3 Participation restrictions after stroke 
It has been suggested that the participation domain may represent complex categories of “life 
behaviour” (126-127). The degree of participation is complex. Participation is conceived as a 
dynamic complex interaction between an individual’s health condition, body functions, 
activities and external factors representing the circumstances in which the individual lives. It 
is related to quality of life (QoL) and is dependent upon environmental influences, as assessed 
in the community by self or proxy report, and the focus is on patients and caregivers.
Participation involves the concept of autonomy, although the patient may not have to carry 
out the activities themselves. It also includes personal goals and social roles, and not only 
performance-based indicators such as upper and lower extremity function (128).
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Restrictions in participation after stroke may refer to the degree to which the patient 
perceives that the disabilities after stroke restrict his or her ability to resume the pre-stroke 
roles that he/she had before the stroke (129). The restrictions vary, but they are connected 
with all levels of ICF (130). Jette et al. found three distinct concepts within the concept of 
physical functioning which they identified as conforming to the dimensions of Activity and
Participation as proposed in the ICF. These distinct, interpretable factors which together 
accounted for 61.1 % of the variance in participation were labelled: Mobility Activities (24.4 
%), Daily Activities (24.3 %), and Social/Participation (12.4 %) (126). Functional disability 
and mood disorders may independently contribute to restricted participation of patients post-
stroke (129).  
Only few studies have addressed participation restrictions in patients that survive a 
stroke, using the ICF framework. Studies dealing with the social impact of stroke have 
focused on QOL and have shown that restrictions in participation and depression are related 
to a reduced QOL, while social support can enhance QOL (131).
Studies of Instrumental Activities of Daily Living (I-ADL), which also reflect the 
participation level, have shown that stroke patients are to a great extent dependent upon 
relatives (132), that I-ADL are related to leisure activities (133), and that being male, 
unmarried, of high age, having severe motor impairment, having poor communication ability, 
and ADL dependency can be predictors of social inactivity 12 months post-stroke (129). 
1.5.4 Environmental factors – effects on outcome after stroke 
In animal research there is growing and convincing evidence confirming the role of an 
enriched environment in improvement of function (31, 134). This is very likely to be 
transferable to human beings and patients with stroke, in particular (135-137). In preliminary 
studies with the aim of leading to a definition of ICF Core Sets for stroke, 64 environmental
factors were identified (116). Another study showed that ICF factor e399 (unspecified support 
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and social network), under chapter e3, support and relationships, was the environmental factor 
of the ICF categories that was most used (117).
1.5.5 Personal factors – effects on outcome after stroke 
Personal factors are not classified by the ICF because of social and cultural variations, which 
can make it difficult to interpret such factors with a global perspective. Personal factors, 
however, for example age, gender and hereditary characteristics, may have an impact on the 
stroke outcome. All these three are influential factors, but are impossible to alter or modify
(37, 133).
1.6 Physiotherapy – definition 
The 14th general meeting of the World Confederation for Physiotherapy (WCPT) adopted the 
following description of the profession. “The nature of physical therapy is providing services 
to people and populations to develop, to maintain and to restore maximum movement and 
functional ability throughout the lifespan. Physical therapy includes the provision of services 
in circumstances where movement and function are threatened by the process of aging or that 
of injury or disease. Full and functional movements are at the heart of what it means to be 
healthy “.  Furthermore: “The nature of the physical therapy process is the service only 
provided by, or under the direction and supervision of a physical therapist and includes 
assessment, diagnosis, planning, intervention and evaluation” (Description of physical therapy 
adopted by the 14th general meeting of the World Confederation for Physical therapy (WCPT) 
May 1999, adapted final version at the extraordinary general meeting June 2003). The same 
general meeting decided that physical therapy and physiotherapy should be used as 
synonymous terms to identify the profession. Physiotherapy will be the preferred term used 
throughout this thesis. 
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1.6.1 Conceptual framework for clinical practice 
Shumway-Cook and Wollacott introduced four key elements that they suggest will contribute 
to a comprehensive conceptual framework for clinical practice of physiotherapy (92). These 
elements are:  
1) The clinical decision-making process. This includes gathering of information essential 
to the development a plan of care compatible with the problems and needs of the patient ; a 
plan consisting of assessments, analysis of assessments, development of short- and long-term 
goals, development of a treatment plan, implementation of the treatment plan and re-
assessment of the patient and treatment outcome. 
2) Hypothesis-oriented clinical practice. This involves systematic testing of assumptions 
about the nature and cause of motor control problems, and reflects the theories of a clinician 
regarding the cause and nature of function and dysfunction in patients with neurological 
disease.
3) A model of disablement, which imposes an order on the effects of disease and enables 
the clinician to develop a list of problems towards which treatment can be directed. An 
example of such a model is the WHO International Classification of Function, Disability and 
Health.
4) A theory of motor control, involving assumptions about the cause and nature of normal 
and abnormal movement, and include for example reflex-based neurofacilitation approaches 
or system-based task-oriented approaches. 
1.6.2 Motor control  
Rehabilitation practices reflect our basic ideas about the cause and nature of function and 
dysfunction (138 - 139). Motor control theory is part of the theoretical basis of clinical 
practice. A theory of motor control is defined as an idea of the nature and cause of movement 
(92). It deals with stabilization of the body in space, as this applies in postural and balance 
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control, and with moving the body in space, as this applies to movement (92, 138 – 139). 
Motor control is usually studied in relation to specific actions or activities. 
1.6.3 Theories of motor control 
Different theories of motor control have been proposed throughout the years as researchers 
have added new knowledge to the understanding of the central nervous system, e.g. the reflex 
theory, the hierarchical theory, motor programming theories, the systems theory, the dynamic 
action theory, the parallel distributed processing theory, task-oriented theories and the 
ecological theory (92). A theory of motor control was presented by Shumway-Cook and 
Wollacott as a systems approach (140). This theory defines movement as an interaction 
between the individual, the task and the environment, where movement is the result of a 
dynamic interplay between perceptual, cognitive and action systems. Action systems are 
defined as the neuromuscular aspects and the physical/dynamic properties of the musculo-
skeletal system itself (92). 
1.6.4 Physiotherapy in stroke rehabilitation 
 Several studies have established that physiotherapy improves motor function and enhances 
mobility (141-144). Enhanced mobility contributes to recovery and it may therefore be 
assumed that physiotherapy after stroke is a promoter of recovery (36, 141-144).
  Different physiotherapy approaches have been introduced over the years. Some methods 
are based on reflex and hierarchical theories of motor control such as the model of Rood 
(145), the proprioceptive neuromuscular facilitation (PNF) technique (146) and models 
developed by Brunnstrøm (147) and the Bobaths (148). Others, such as the systems approach 
(92) and the Motor Relearning Programme (MRP) (84), rely on recent theories of motor 
control and principles of neural plasticity (24, 84, 92, 149-156). Although all physiotherapy 
approaches improve motor function in one way or another, there is evidence to indicate that a 
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systems approach is more favourable than reflex-hierarchical methodology in the acute 
treatment of stroke (143-144). 
  The improved function in the early stages of stroke is not self-supportive but will 
degenerate if not maintained (61, 124). Several studies have shown a reduction of motor and 
ADL function post-stroke when rehabilitation has been terminated (61,124-125).
  Several studies indicate that what is practised is the function that is learned and improved; 
e.g. strength training with weights and aerobic exercise training improve strength and 
endurance, respectively, but do not automatically lead to an improvement in walking ability or 
more independence in ADL activities (157-166), or contribute to a higher degree of movement 
representations in the cortex (149 - 153).
  Exercising “task activities” such as walking for example, on the other hand, can contribute 
to increased strength in leg muscles, increased endurance and increased representation in the 
cortex (76, 82, 161-164). However, these activities need to be exercised with a certain 
intensity, variability and repeatability according to general training principles in order to give 
measurable results (149-156, 165-166). This supports the overall impression that a system- 
based approach coupled with application of training principles is favourable both in the acute 
and long-term rehabilitation of stroke (124,144). 
  It has been recommended the “global” approaches, a term introduced by Pollock et al, be 
abandoned because of the problems in describing, defining and consistently applying a 
complex range of interventions (167). It is probably sound and idealistic advice to concentrate 
on investigating clearly defined and described techniques regardless of their historical and 
philosophical origin (167). On the other hand, it must be kept in mind that current 
neurophysiological research and hypotheses will always be a basis for evaluating 
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physiotherapy methods and techniques, and these theories can also be regarded as global 
approaches.
  The global approaches in themselves are not problematic; the MRP, Bobath, PNF and 
Brunnstrøm techniques are all successful physiotherapy approaches (84, 146-148). All four 
methods are clearly documented and presented by their respective creators in books, with 
references to neurophysiological research that was relevant and up-dated at the time when the 
approaches were presented. These physiotherapy approaches may be compared to a brand in 
the marketing business. A certain value / definition is allocated to the brand / global approach 
and this, if successfully presented, will automatically be identified by all the potential users / 
therapists.  The values and the key concepts of the four approaches mentioned are identified 
by therapists through the language, methods and philosophies used by the different 
physiotherapy approaches / “brands”. 
  The problem arises when an attempt is made to change any of these approaches into 
something new, not realising the strength of the branding the approaches have. Inevitably 
“old” definitions and documentation cling to the name and for therapists this will create 
unnecessary confusion.  A possible example is a method based on a reflex or hierarchical 
approach such as that of Bobath, where the therapists keep the basic philosophy and build 
their treatment on the old values; normal movement, key components, part training and just 
alter the references to the new neurophysiological research, for example the systems 
approach, in order to adjust and up-date the method to a changing world. The process may be 
justified by claiming that this is just a development of a therapeutic approach. In clinical 
practice this will create unnecessary confusion, as the two approaches have different 
philosophies, ways and strategies to deal with different clinical problems. Inevitably the 
physiotherapist will come to a point where he / she has to choose in accordance with her 
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clinical belief and this is where “branding” and, hopefully, evidence-based practise will have 
a strong input.
  At present, the most frequently applied “global approach” is the systems approach, 
defined as an interaction between the individual, the task and the environment, where 
movements are the results of a dynamic interplay between perceptual, cognitive and action 
systems. In recent years this has been the theory upon which most clinicians have based their 
understanding of the cause and nature of function and dysfunction in patients with 
neurological disease (92, 138-139). This is directly related to hypothesis-oriented clinical 
practice, as presented by Shumway-Cook and Wollacott (92). 
  A physiotherapist would ideally make use of hypothesis-oriented clinical practice, a 
model of disablement and a theory of motor control to form the basis of his or her clinical 
decision-making process in the practice of stroke rehabilitation. The actions in clinical 
practice and the choices of therapies will uncover any discrepancies between hypotheses, 
models of disablement, theories of motor control and clinical decision making (92, 138-139).
That is: what the therapists say and intend to do and what they actually practise should ideally 
be compatible. The model of disablement and theory of motor control should serve as a 
control, so that the therapist can detect where the discrepancies may lie if the actions in 
practise do not harmonize with the model (92, 138-139). 
1.6.5 Evidence-based physiotherapy in stroke rehabilitation 
 In recent years evidence-based medicine (EBM) (168) and evidence-based practice have been 
introduced into practical clinical physiotherapy. Evidence-based practice (EBP) includes the 
five components assess, ask, acquire, appraise and apply (169). EBP is dependent upon good 
research on clinical questions for development of clinical guidelines so that the practice at all 
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times is of high standard and up-dated as a consequence of research. “Golden standards” of 
clinical research are randomised controlled trials, systematic reviews and meta-analyses. 
   The Cochrane Database of Systematic Reviews is an example of EBM and EBP, and 
some physiotherapy techniques in stroke rehabilitation are summarised in Cochrane reviews, 
e.g. treadmill training with or without body weight support (170), promotion of the recovery 
of postural control and/or lower limb function (167), acupuncture as a treatment of patients 
with stroke (171), amphetamine treatment on recovery from stroke (172), cognitive 
rehabilitation for spatial neglect (173), cognitive rehabilitation for memory problems after 
stroke (174), clinical use of electro-stimulation for neuromuscular re-training (175), and 
therapy-based rehabilitation services targeted towards patients with stroke living at home 
(176-177). The general conclusions drawn in many of these reviews are that there is a need 
for high quality randomised trials and systematic reviews to determine the efficacy of clearly 
described individual techniques and treatments in stroke rehabilitation.  
  There have been some good quality randomised controlled trials, however, in recent years 
(157, 144, 159, 178) that have made it possible to make some changes in clinical practice and 
that have led to national guidelines, which in turn may be revised when new research 
increases our understanding of the rehabilitation process in stroke patients (18-20).  
  In conclusion, it is generally acknowledged that physiotherapy enhances stroke recovery 
and that, as mentioned before, a systems approach, defined as an interaction between the 
individual, the task and the environment, where movement is the result of a dynamic interplay 
between perceptual, cognitive and action systems, is most beneficial (92, 143-144,154). There 
is consensus that treatment should start as early as possible, preferably in stroke units with a 
multidisciplinary team (11-13). However, there is no consensus on who will benefit most 
from rehabilitation, how intense and how long this rehabilitation should preferably be and 
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how this therapy should be implemented. Furthermore, there is a need to be concise in the 
description of physiotherapy as applied in stroke rehabilitation, in order to evaluate different 
treatments and to reduce any discrepancies between what is said and what is being done 
(179).
2 Aims 
The overall aim of this research was to evaluate the effect of physiotherapy in the acute and 
chronic stages of stroke in a model of disablement (ICF) and in the light of theories of motor 
control, and also to assess the influence of dynamic and static balance on gait in the early 
rehabilitation of patients with stroke.  A further aim was to investigate the association 
between the patient’s perception of his/her health-related quality of life and actual motor and 
ADL performance. 
The specific aims were:  
        - to compare the effects of two physiotherapy approaches, the Motor Relearning Programme 
and the Bobath concept, in the acute and sub-acute stages of stroke and to evaluate the long-
term effects of these therapies  (studies I and II; papers I and II);
        - to investigate the association between gait velocity and static and dynamic balance measured 
by Motor Assessment Scale items 3 (sitting balance)  and 5 (walking), Berg Balance Scale 
(BBS) items 6 (standing blindfolded) and 8 (reaching forward)  and  the total score of Timed-
Up-and-Go test on admission and at discharge from the stroke unit (Paper III); 
        - to investigate the effect of compulsory intensive physiotherapy training during four periods 
compared to treatment when required during the first year after first-time-ever stroke related 
to maintenance of motor function, grip strength, and  P- ADL  (Paper IV). 
40
3 Subjects 
All patients were recruited from the stroke unit at the local hospital. The patients were all 
admitted to the primary hospital for a geographical area covering a population of 155 000. 
About 260 patients were treated in the stroke unit per year. The mean length of stay in this 
unit is 7.9 days. In the year 2005, on discharge from the stroke unit 32 % of the patients were 
sent directly home, 19 % were transferred to nursing homes and 46 % were referred to the 
rehabilitation unit in the hospital or in the community; 3 % of the patients died before 
discharge.
The research described in this thesis is based on four studies carried out on three different 
study populations: 
-  Study population 1 comprised 61 patients with first-ever stroke, 36 men and 25 
women, mean age 78 years (49 – 95 years) (studies I and II; papers I and II) 
- Study population 2 comprised 57 patients with first-ever stroke, 31 men and 26 
women, mean age 74 years (38 – 98 years) (study III; paper III) 
- Study population 3 comprised 75 patients with first-ever stroke, 43 men and 32 
women, mean age 73 years (38 – 98 years) (study IV; paper IV). 
3.1 Inclusion and exclusion criteria 
Inclusion criteria were first-time-ever stroke with neurological signs, computed tomography-
confirmed stroke, and voluntary participation. Exclusion criteria were more than one stroke 
incident, subarachnoid haemorrhage, tumour, brain stem or cerebellar stroke and other severe 
medical conditions in combination with stroke. Patients fulfilling the inclusion criteria were 
consecutively included in the different trials as they were admitted to the hospital. 
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4 Design and methods 
4.1 Design 
Studies I, II, and IV were longitudinal randomised controlled stratified trials. Patients were 
randomised to one of two different groups by a person not involved with the patients or the 
treatment in the ward. Randomisation was performed with a dice; uneven numbers to group 1 
and even numbers to group 2. Group 1 was the Motor Relearning Programme group in studies 
I and II and the intensive exercise group (IG) in study IV. Group 2 was the Bobath group in 
studies I and II and the regular exercise group (RG) in study IV.  
Stratification was done according to gender and hemisphere lesion: the first male patient 
with a right hemisphere lesion and with an uneven number was allocated to Group 1, and the 
next male patient with a right hemisphere lesion was allocated to Group 2. The procedure 
with the dice was then used when the third male patient with a right hemisphere lesion entered 
the stroke unit.
In studies I and II, randomisation was performed as soon as the diagnosis was confirmed, 
after three days. The study was double-blind up to the three-month follow-up, when the seal 
was broken.  The one-year follow-up test was not blinded. 
In study IV, randomisation was effectuated at discharge from the acute hospital. The 
protocol was sealed for 1.5 years, from the start of the study until the last patient included was 
tested at the one-year follow-up. The study consisted of a double-blind-intention-to-treat trial. 
Neither the investigator nor the patients knew to which group they were allocated.
Study III was an exploratory study of walking capacity and static and dynamic balance in 
patients with acute stroke admitted to a stroke unit. The same inclusion and exclusion criteria 
as in the other studies were applied, but there was no randomisation. Sixty-one patients with 
acute first-ever stroke were enrolled consecutively in this study, with four drop-outs, leaving 
57 participants in the study. 
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4.2 Methods 
Performance-based and self-reported outcome measures were used. The measures were 
chosen to represent different levels of the ICF disablement model (180). 
4.2.1  Outcome measures 
 The outcome measures were chosen to reflect the disablement process on the different levels 
of the ICF classification model, introduced by WHO (79). The outcome measures should also 
reflect the motor control theories influencing clinical practice in physiotherapy. The most 
dominant motor control theories in physiotherapy practice during this period have been 
identified as the reflex-hierarchical and the systems approaches (92,139). These two motor 
control theories were chosen as bases for different forms of treatment. 
Table 1: Outcome measures used in the different studies. 
Outcome measures I II III IV
Motor Assessment Scale (181) x x x x
Sødring Motor Evaluation Scale (182) x x
Barthel ADL index (183) x x x x
Nottingham Health Profile (184) 
(health-related quality of life) 
x x (x)* 
Berg Balance Scale (185) x x (x)*
6- Minute Walk Test (186) x (x)*
Timed Up and Go (187)  
(mobility and balance) 
x (x)* 
Grip strength paretic and non-paretic hand (188) x
* not presented here 
In addition the following variables were recorded: 
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Study I: Length of stay, use of assistive devices, destination after discharge. 
Study II: Use of assistive devices, patient’s accommodation, use of services from the 
community, occurrence of new strokes, and other diseases. 
Study III: No extra recordings. 
Study IV: Patient’s accommodation, help from the community and/or relatives, time from 
admission to discharge and civil status were recorded. Patients and relatives were also 
encouraged to keep track of the occurrence of falls and pain. The participants of both groups 
were interviewed concerning their training habits, their motivation to exercise, and whether 
and how they were doing exercises. Compliance to training programmes was recorded by the 
physiotherapist in charge of training and reported at the end of the study, after 1.5 years. 
4.2.1.1 Tests 
The Motor Assessment Scale is a test of motor function developed by Carr and Shepherd 
for assessment of individuals with stroke, using relevant and functional motor activities. It 
was designed for use in clinical practice and research (181). Eight functional activities are 
evaluated: turning in bed, sitting up, balance in sitting, standing up, walking, and activities of 
the upper arm, wrist and hand of the paretic arm. Each item is scored from 0 to 6. Hence the 
total scores range between 0 and 48. The test has been shown to have high inter- (r = 0.89 to 
0.99) and intra-reliability (r = 0.87 – 0.98) and high construct-cross-sectional validity (r = 
0.88 and r = 0.96) (189).
The Sødring Motor Evaluation Scale (SMES) is a test of motor function after stroke 
developed by Sødring. The unassisted performance of the patient is assessed and the scoring 
reflects a combination of quantity and quality of the movements (182). The instrument has 32 
items, distributed among three subscales measuring leg function (SMES 1), arm function 
(SMES 2) and functions concerning trunk, balance and gait (SMES 3). Each item is scored 
from 0 – 5. Hence the total scores range from 0 to 20 (SMES 1), from 0 to 70 (SMES 2) and 
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from 0 to 60 (SMES 3). The test is valid and reliable (182, 190-191), with a high predictive 
validity in predicting residence at home or in an institution, and the results are obtained with 
the Barthel Index and and the Frenchay Activities Index one year post-stroke (191). 
The Barthel Index of Activities of Daily Living (BI) is a test of primary activities for 
daily living developed by Mahoney and Barthel (183) for the purpose of measuring functional 
independence in personal care and mobility. The index includes ten activities of daily life: 
feeding, transferring from wheelchair to bed and back, personal hygiene, getting on and off 
toilet, bathing, walking on a level surface/propelling wheelchair, ascending and descending 
stairs, dressing, controlling bowels and controlling bladder. The items are weighted 
differently. The scores reflect the amount of time and assistance required by a client. A score 
of 0 (complete dependence), 5, 10 or 15 is assigned to each level, for a total score of 100. The 
test has high scores for inter- (r = 0.70 to 0.88), and intra-reliability (r = 0.84 and r = 0.98) and 
construct-cross-sectional validity (r = 0.73 to 0.77) (192-193). The BI scores in study IV were 
also dichotomised into lower (0 – 59) and higher scores (60 - 100). This estimation was based 
on the clinical guideline of a cut-off point of 60, which indicates a need for institutional care 
(194).
The Six-Minute Walk Test (6MWT) measures walking capacity and walked distance (m) 
and allows calculation of gait velocity (m/s) (195-197). The 6MWT is also used to assess 
exercise tolerance (196-196), thus measuring the functional exercise capacity (196). Gait 
velocity calculation has been tested for validity and reliability among healthy elderly 
individuals and patients with heart failure with satisfactory results (197-199). The 6MWT has 
also been used in studies including patients with stroke (200).)
The Berg Balance Scale (BBS) is a balance test developed by Berg et al, and consists of 14 
items, scored from 0 to 4 (185). The total scores ranges from 0 to 56.  It has been used in 
many studies and when tested has shown satisfactory reliability and validity (185, 199, 201-
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202). BBS is especially sensitive for detection of risks of falls in frail elderly persons. An 
overall score of less than 45 points, out of a maximum of 56, is associated with a 2.7 times 
increase in the risk of a future fall (92). 
The Timed Up and Go test (TUG) is a functional mobility test used in the clinic to evaluate 
dynamic balance, gait and transfers. The test was further developed by Podsiadlo from the 
original Get-Up and Go test presented by Mathias et al (187, 203). The patient is asked to get 
up from a chair (46 cm high), with support for the arms, walk three meters, turn, go back and 
sit down. The physiotherapist monitors the time from the start to the end, when the patient is 
seated. The test is valid and reliable and has been used in several studies (193, 199, 204-205).
Grip strength was measured with a Martin vigorimeter, consisting of a manometer with 
rubber tubing and three different sized rubber balls: male, female / young and child size. The 
manometer gives the respective reading in bar = 1.019 kp/cm² (kp - kilopond). When taking 
the test, the patient has to squeeze the vigorimeter three times with all possible strength 
without seeing the gauge. The average of the three squeezes is then used.  Normal values of 
healthy people are for male adult 0.8 to 1.3 kp (bar), and for female adult 0.7 to 1.2 kp (bar) 
(188, 206-208). Validity has been compared between the Jamar dynamometer and Martin 
vigorimeter and Pearson´s product-moment correlation was r = 0.89 for the right hand and 
0.90 for the left hand (188). Test-retest reliability showed an intra-class correlation coefficient 
of 0.96 for the mean of three measurements on the dominant hand and of 0.98 on the other 
(208).
The Nottingham Health Profile (NHP) was designed with the aim of obtaining  a subjective 
measure of health encompassing the social and personal effects of illness (184). The NHP 
consists of two parts. The first part consists of 38 questions relating to emotional, sleep, 
energy, pain, physical and social function with strictly yes or no answers. Each item carries 
with it a weight, based on the perceived severity of the item. Weight assigned to items in each 
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dimension adds to a total of 100. A positive answer is associated with a particular weight, 
while a negative answer receives no score. Higher scores correspond to a poorer perceived 
health status. The second part consists of 7 yes/no questions relating to work, maintenance of 
the home, social life, domestic life, sexuality, hobbies and vacation. There are no weights for 
the second part of NHP. This instrument has been used in numerous studies (209-212). It has 
been tested for reliability (213-214) and validity (215) and has been found to be both reliable 
and valid in studies relating to stroke (212). 
Compliance to the training programmes was recorded by the physiotherapists in charge of 
the follow-up treatment in study IV. Compliance was considered high in the intensive 
exercise group if the patients took part in all four exercise periods in the year post-stroke at 
least twice a week. Follow–up physiotherapy after the acute rehabilitation was minimal in 
study II (124), and therefore in IV any treatment after the acute rehabilitation in the regular 
exercise group was considered high compliance, since the expectations of such post-stroke 
treatment were low, in fact we expected as little such treatment as in study II (124). 
Information on the extent of participation in physiotherapy treatment of the two groups was 
also obtained through informal interviews on each test occasion concerning the patient’s own 
training habits, their motivation for exercise, and whether and how they were doing exercises. 
Motivation was considered high if the participants did the exercises regularly, if they 
complied with the tests at different times during the year post-stroke and if they expressed a 
positive verbal opinion of the importance of exercise. This information was noted during 
interviews on the different test occasions and was compared with the actual training 
information from the physiotherapists, when the seal of blinding was broken at the end of the 
study.
Protocols for training were developed for study I (attachments 1, 2, 3) and for study IV 
(attachment 4).
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4.2.2. Test occasions in the different studies 
In study I the patients were assessed on the third day after admission to the stroke unit, and 
also after two weeks and at three months.  
In study II the patients were assessed at three months, one year and four years post- 
stroke.
In study III the patients were assessed within three days after admission to the hospital 
and one day before discharge. 
In study IV the patients were tested on admission, at discharge, and at three, six and 12 
months post-stroke. 
The tests were carried out by an experienced investigator, blinded to group allocation. 
They were performed in the general hospital, in the patients’ homes and in the community 
service centres.  
4.2.3 Statistical methods 
The results of all studies were analysed in an SPSS programme, but different versions: 10, 12 
and 13. In all analyses p<0.05 was considered statistically significant. 
Study I: Means, medians and standard deviations (SD) were calculated for sum scores 
of MAS, SMES and BI, and means and SD for NHP. To evaluate group differences, Student’s 
t- test was used. Group differences between test 1 and test 2 were also evaluated by analysing 
differences between two tests. Analysis of variance (ANOVA) for repeated measurements, 
with a Bonferroni correction, was used to assess differences in changes in motor and ADL 
function from test 1 to test 3 between groups. Differences between groups regarding gender, 
length of stay in the hospital, destination after discharge, use of assistive devices and the 
results of NHP, were tested using the Mann-Whitney nonparametric test. 
Study II: Means, medians and SD were calculated for sum scores of MAS, SMES and 
BI, and means and SD for NHP. Student´s t-test for evaluation of group differences was used 
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for MAS, SMES and BI. The results of NHP were tested with the Mann-Whitney 
nonparametric test. 
Study III: Descriptive statistics were calculated for each clinical test. The paired t-test 
was used for gait velocity and TUG, and the Wilcoxon signed ranks test for related samples, 
for MAS and BBS items, and for comparing values on admission and at discharge. 
Spearman’s rank correlation coefficients were calculated to check for associations between 
6MWT and other tests. A standard multiple regression analysis was performed, where 
variables associated with 6MWT were entered into the model and run separately for each test 
occasion - test 1 and test 2. Preliminary graphical analysis was carried out to determine that 
all applicable variables met the assumption of normality and that no outliers existed. 
Thereafter a stepwise procedure was performed for each time moment, and a reduced model 
was analysed to test for an association between gait velocity in the 6 MWT and the 
independent variables BBS items 6 (standing blindfolded) and 8 (reaching forward), MAS 
items 3 (sitting balance) and 5 (walking) and TUG. 
Study IV: Descriptive statistics were used to summarise demographic, stroke and 
baseline characteristics. All analyses were performed on an intention-to-treat basis. Means, 
medians and SD were calculated for each clinical test. A general linear model, with a 
univariate ANOVA was performed, using baseline to one year change as dependent variable 
on each of the scores of MAS, BI, and grip strength, with treatment group as a primary factor 
and age and gender as covariates. In addition, differences in improvement were calculated for 
total score on MAS, BI and grip strength and analysed in the same manner. A subgroup 
analysis of the dichotomised values of the Motor Assessment Scale and Barthel Index of 
Activities of Daily Living was also performed.  
4.3.4 Ethical considerations 
The studies were all approved by the Regional Committee of Medical Research Ethics of 
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Norway. Informed consent was given by all participants through methods approved by the 
same Committee. Oral and written information about the studies was given.    
5 Results 
The main results of the studies are presented in papers I-IV. 
5.1 Study I  
Patients treated according to the Motor Relearning Programme (71) stayed fewer days in 
hospital than those treated by the Bobath approach (148) (mean number of days 21 versus 34, 
p=0.008). Both groups improved their scores in MAS (181) and SMES (182), but the 
improvement in motor function was significantly better in the MRP group (Table 2). The two 
groups improved in BI (183) scores but there were no significant differences between the 
groups.  However, there was a significant difference in the BI subscores bladder (p=0.01), 
bowel (p=0.004), and independence in toilet situations (p=0.02), in favour of the MRP group. 
Women treated by MRP improved more than women treated by Bobath method. There were 
no differences between the groups in the life quality test (NHP) (184), use of assistive devices 
or accommodation after discharge from the hospital.
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Table 2: Study I: Total scores of Motor Assessment Scale (MAS), Södring Motor Evaluation 
Scale (SMES) and Barthel Index of ADL (BI) on three test occasions in two different groups,  
the Motor Relearning Programme group (MRP) and the Bobath training group, mean/median, 
SD and p values. Maximal points for each test within brackets.   
MRP
(n = 33) 
Bobath
(n = 28) 
p values , 
repeated
measurements, 
between groups 
3
days
2
weeks
3
months
3
days
2
weeks
3
months
Number of 
patients 33 30 29 28 27 24
MAS (48) 24/29 32/40 37/42 19/20 23/25 33/39 0.002
SD 14 15 12 15 16 15
SMES 1 (20) 12/13 15/16 17/20 11/12 14/16 16/19 0.21
SD 5 6 5 5 6 6
SMES 2 (70) 47/51 58/65 65/76 39/35 48/51 58/65 0.02
SD 19 23 21 23 24 23
SMES 3 (60) 20/19 32/37 41/44 18/15 30/32 39/48 0.51
SD 16 20 18 18 21 21
BI (100) 56/60 83/95 46/55 72/88 0.19
5.2 Study II
Both groups showed a decrease in motor function, postural control and ADL at one and four 
years, leaving many of the patients dependent and with a risk of falling (Table 3). Quality of 
Life had increased but was still low in comparison with that of healthy persons of similar age. 
Patients in both groups continued to live at home to a great extent, but were dependent on 
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help from relatives or the community services. Physiotherapy as a follow-up service was 
seldom used. The choice of initial physiotherapy approach did not seem to have any influence 
on the patients’ ability to cope in the long run. 
Table 3 Outcomes for the Motor Relearning Programme (MRP)  and Bobath groups 
measured on three occasions after stroke. Mean/median values and SD are given. MAS 
=Motor Assessment scale; SMES = Södring Motor Evaluation scale; BI = Barthel Index of 
ADL: NHP = Nottingham Health Profile. Maximal scores for each test are given within 
brackets.
5.3 Study III
On admission 41 of the 57 patients were able to walk to some extent, whereas on discharge all 
MRP
(n = 33) 
Bobath
(n=28)
3 months 1 year 4 years 3 months 1 year 4 years 
Number of patients (n)
29 27 21 24 21 16
Deaths (n) 4 6 12 4 7 12
MAS (48) 37/42 30/37 21/26 33/39 27/36 19/17
SD 12 18 21 15 20 20
SMES 1 (20) 17/20 13/16 9/12 16/19 12/16 8/9
SD 5 7 9 6 8 9
SMES 2 (60) 67/76 52/64 33/18 58/65 47/72 32/22
SD 21 31 35 23 36 22
SMES 3 (70) 41/44 32/36 22/21 39/48 31/35 21/17
SD 18 23 24 21 25 24
BI (100) 83/95 68/95 45/60 72/88 57/75 42/40
SD 25 41 44 34 43 44
NHP (100) 22/19 17/15 20/21 24/21 13/11 16/15
SD 18 16 15 21 12 11
Living at home 17 20 13 13 14 13
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57 could walk. Twenty-seven patients were discharged to their own home, 19 to rehabilitation 
units and 11 to nursing homes (short-term).  
The median score of BI (183) was 75 (Inter Quartile Range (IQR) = 70) on admission 
and 90, (IQR = 45) on discharge. The results on admission and at discharge are presented in 
Table 4. The patients with stroke improved significantly both in gait velocity, from 0.7 to 0.8 
m/s, and in 6 minutes’ walking distance, from 234 to 294 m, between admission and 
discharge. Significant improvements were also noted for scores of MAS (181) item 3 (sitting 
balance), MAS item 5 (walking), BBS (185) item 6 (standing with feet together, blindfolded) 
and BBS item 8 (reaching distance). The mean score for reaching distance as measured with 
BBS item 8 was around 3, representing a mean reaching distance of 12-15 cm (Table 4). 
Sixteen of 57 patients were unable to perform TUG (187) on admission, compared 
with five at discharge. The mean value for TUG (n = 41) was 16.4 s on admission and 11.1 s 
at discharge (n = 41) (Table 4). This improvement was significant (p<0.001) and had a high 
correlation with gait velocity and gait distance (rs = 0.71 / - 0.71). 
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Table 4: Mean values and standard deviation  of 6-minute walk test, Motor Assessment Scale 
(MAS) items 3 (sitting balance) and 5 (walking), Berg Balance Scale (BBS) items 6 (standing 
balance) and 8 (reaching), and Timed Up-and-Go (TUG) in stroke patients on admission to 
and at discharge from a stroke unit.  
Admission 
n = 57 
Discharge
n = 57 
p values between
admission-discharge
Distance in
6 minutes (m)
Gait velocity (m/s) 
234  (208) 
0.7  (0.5) 
294 (198) 
0.8  (0.5) 
p<0.001
p<0.001
p<0.001
p<0.001
4.4    ( 2.0) 
3.5     (2.5) 
2.6    (1.9) 
5.1    (1.5) 
4.1    (2.0) 
3.4   (1.3) p<0.001
MAS item 3 
( max score 6) 
MAS item 5  
(max score 6) 
BBS item 6
(max score 4)  
BBS item 8 
(max score 4) 
TUG (s) 
n=41
2.0    (1.8) 
16.4 (14.0) 
2.6   (1.5) 
11.1 (24.8) 
p<0.001
p<0.001
Correlation coefficients at test 1 between 6 MWT (186) and the balance measures 
MAS items 3 and 5, and BBS items 6 and 8, were between 0.75 and 0.82 (Table 5). The same 
correlations were somewhat lower (0.56 – 0.67) at discharge. The correlation coefficients 
between TUG and 6MWT, for those who were able to perform at both tests, (n = 41), were 
high (rs = -0.80 / -0.73). 
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Table 5 Spearman’s rank correlation coefficients between 6- Minute Walk Test (6 MWT) and 
Motor assessment (MAS ) items 3 and 5, Berg Balance Scale (BBS) items 6 and 8 and Timed 
Up-and-Go (TUG) at admission and discharge in 57 patients with stroke. 
A regression analysis with all variables included yielded an adjusted R2 of 0.85 on 
admission and 0.76 at discharge, showing a strong relationship between gait velocity and all 
balance measures together (Table 6). In the stepwise regression analysis MAS item 5 
(walking) (p<0.01) was found to be the strongest explanatory factor for gait velocity. When 
MAS item 5 (walking) was removed, TUG (p<0.001), MAS item 3 (p<0.01) (sitting balance) 
and BBS item 8 (p<0.03) (reaching distance) were the strongest explanatory factors on 
admission, with an adjusted R2 of 0.83. At discharge, the strongest explanatory factors were 
TUG (p = 0.02), MAS item 3 (p<0.001), BBS item 8 (p<0.001) (reaching distance), with an 
adjusted R2 of 0.73.
6MWT
Admission
6MWT
Discharge
r                          p value r                          p value
MAS item 3 (sitting 
balance)
MAS item 5 (walking) 
BBS item 6 (standing, 
blindfolded)
BBS item 8 (reaching) 
TUG
 (n=41) 
0.75                    < 0.001 
0.81                   < 0.001 
0.53                    < 0.001 
0.82                    < 0.001 
0.56                    <0.001 
0.67                    < 0.001 
0.47                   = 0.001 
-0.80                  < 0.001 
0.60                    < 0.001 
-0.73                   < 0.001 
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Table 6: Regression analysis showing the association between gait velocity and the 
independent variables Motor Assessment Scale (MAS) 3 (sitting balance), Berg Balance Scale 
(BBS) 6 (standing blindfolded), BBS 8 (reaching distance) and Timed Up-and-Go (TUG) test 
on admission (Test 1) and discharge (Test 2).
Variables Beta SE p values
Test 1
MAS 3
BBS 6
BBS 8
TUG
Test 2
MAS 3
BBS 6
BBS 8
TUG
0.16
-0.04
0.64
-0.24
0.37
-0.13
0.58
-0.17
0.03
0.03
0.03
0.003
0.01
0.73
0.03
0.001
0.04 0.001
0.04 0.33
0.04 0.001
0.001
 Note: Test 1, adjusted R2 = 0.85; test 2, R2 = 0.76 
0.02
 There is a strong relationship between walking and balance, both dynamic and static in the 
acute rehabilitation of patients with stroke, indicating that static and dynamic balance needs to 
be addressed equally in the early rehabilitation of stroke patients, and is closely related to 
task, e.g. walking, getting up from a chair, turning, and reaching, and cannot be regarded as 
separate from the task.
5.4 Study IV 
Both groups improved significantly in motor function (MAS) (181), activities of daily 
living (BI) (183) and grip strength (vigorimeter) (188) from admission to three months 
post-stroke. Between the three-month and six–month follow-up this improvement 
stabilised and there were no significant further improvements in either of the groups. At 
one year of follow-up there was a tendency to a reduction of performance in MAS and BI 
in both groups, whereas grip strength still seemed to be improving.  
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There were significant differences in degrees of improvement from admission to 
discharge, in favour of the intensive exercise group, regarding the MAS total score and 
sub-scores for turning in bed, standing up, upper extremity function and hand function, 
and also for the BI total score and sub-scores for dressing, transfer from bed to chair, 
walking capacity, and walking up and down stairs (Table 7). There were also significant 
group differences in improvement of grip strength in the paretic hand from the three- to 
six-month follow-up, and of the MAS total scores from the six-month to the one-year 
follow-up (Table 7). 
The mean motor function at baseline, as assessed by MAS, was higher in the 
regular exercise group (m=31.4) than in the intensive exercise group (m=26.7). The 
regular exercise group also had higher baseline values for activities of daily living, as 
measured by BI (regular exercise group m=66; intensive exercise group m=56.6) and for 
grip strength, as assessed with the vigorimeter (regular exercise group 0.41 and 0.65 kp 
(bar); intensive exercise group 0.37 and 0.55 kp (bar). The differences were not 
significant, however.
The patients were also divided into those with lower MAS scores (0 – 35) and 
those with higher scores (36 - 48) and the results confirmed the observed differences 
between the two exercise groups, although they were not significant. Fifty-four per cent 
of the patients in the intensive exercise group and 45 % of those in the regular exercise 
group scored low on admission. This difference had levelled out at discharge, when 40 % 
and 42 %, respectively, scored low. At the three-month follow-up the levelling had 
ceased and 38 % in the intensive exercise group versus 30 % in the regular exercise group 
had low scores. At the one-year follow-up 34 % of the intensive exercise group patients 
and 19 % of those in the regular exercise group had low scores. None of these differences 
were significant, however.
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The same development was observed regarding activities of daily living when the 
scores were divided into low scores of 0 – 59 and high scores of 60 – 100 for analysis.
At discharge, 26 % in the intensive exercise group and 28 % in the regular exercise group 
scored low on the BI. At the one-year follow-up 28 % of the intensive exercise group and 
10 % of the regular exercise group had low scores. None of these differences were 
significant.
The patients in both groups were highly motivated for training and 25 patients in 
the intensive exercise group (71 %) and 26 patients in the regular exercise group (65 %) 
stated spontaneously on the test occasions that they found the exercises vital for their 
function and well-being. Compliance to the training programmes was high in 28 patients 
(80 %) in the intensive exercise group and in 31 patients (78 %) in the regular exercise 
group. The intensity of the programme was high in both groups, with a tendency to 
therapeutically steered training in the intensive exercise group and more self-initiated 
training in the regular exercise group.
Between the three-month and the 12-month follow-up the mean number of 
occasions of supervised exercise in the intensive exercise group was 2.1 times per week 
and in the regular exercise group 2.2 times per week. This amounts to approximately 40 
weeks of exercise per year in both groups, which represents the 80 hours we initially 
aimed at in the intensive exercise group. 
All patients included in the study came from their own homes in the local 
communities when admitted to the hospital. At discharge 15 out of 32 patients in the 
intensive exercise group and 19 out of 35 in the regular exercise group were discharged 
to their own homes, and at the one-year follow-up 24 and 29 patients in these two groups, 
respectively, were living at home. There were no significant differences in this respect.  
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There was a significant difference in the length of stay at the acute hospital. The 
mean stay of the patients in the intensive exercise group was 22 days, as compared to 16 
days in the regular exercise group (p = 0.03).
The patients of the intensive exercise group were receiving more help from 
relatives and the community on all test occasions. These differences were significant only 
at one year of follow-up (p = 0.04).
Pain was being experienced by 15 of the intensive exercise group patients and by 
13 of the patients in the regular exercise group at the end of the one-year follow-up 
period. Three patients in the intensive exercise group and one in the regular exercise 
group reported having had a fall during the whole period.
Thus, the overall results of this study were positive, indicating that a more 
intensive follow-up programme during the first year after stroke is highly favourable.
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Table 7: The mean difference in improvement of total scores, between different test 
occasions, for the Motor Assessment Scale (MAS), Barthel ADL Index (BI) and grip strength 
measured in bar in the paretic and non-paretic hand, with p values for significant differences 
between the groups. adm. = admission; dis. = discharge; * p < 0.05
Intervention group 
n=35
Regular training 
group n=40 
p values 
MAS adm – dis  7.5 1.7 0.01* 
MAS dis – 3 months 2.2 4.6 0.54 
MAS 3 – 6 months 1.5 0.9 0.61 
MAS 6 months -1 year -1.2 1.4 0.02* 
BI adm – dis 18.9 9.8 0.04* 
BI dis – 3 months 7.46 11.8 0.91 
BI 3 – 6 months 1.54 3.6 0.44 
BI 6 months – 1 year -3.7 -3.5 0.71 
Grip strength 
paretic hand 
 adm - dis 
0.03 0.07 0.67 
Grip strength 
paretic hand  
dis – 3 months 
0.06 0.06 0.86 
Grip strength 
paretic hand 
 3-6 months 
0.14 0.01 0.04* 
Grip strength 
paretic hand  6 months- 1 
year
0.08 0.12 0.16 
Grip strength 
non-paretic hand   
adm – dis 
0.07 0.08 0.76 
Grip strength 
non-paretic hand  
dis – 3 months 0.06 0.06 0.90 
Grip strength 
non-paretic hand  
3-6 months 
0.09 0.02 0.11 
Grip strength 
non-paretic hand  0.1 0.18 0.61 
6 months – 1 year 
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6 General discussion  
6.1 Design  
Studies I, II and IV were designed as experimental, longitudinal, randomised, controlled 
stratified trials. The process of randomisation was performed in the same way in all three 
studies. Patients were randomised to one of two different groups by a person not involved 
with the patients or the treatment in the ward. The randomisation periods, however, were 
different. In studies I and II randomisation took place immediately after the diagnosis was 
verified, while in study IV it was carried out at discharge from the acute hospital.
 The protocol was sealed for three months in studies I and II, and for 1.5 years in study 
IV. The studies were double-blind intention-to-treat trials. Neither the investigator nor the 
patients knew to which group they were allocated in studies I and IV. In study II the 
intervention ceased after approximately three months, at the same time as the blinding was 
broken.
In clinical studies the difficulty in being blinded without contamination can be a 
problem. In all our studies the test person was not active in the clinic or the hospital, which 
should have made him/her person “neutral”. The patients were not informed about what type 
of exercise/treatment they were given, so they did not know the “name” of their therapy or 
that they had been placed in any special group. The therapists leading the exercises were only 
engaged in one type of exercise in the whole period, so there was no mixing of exercise 
protocols. In this respect contamination of blinding procedures was kept to a minimum and 
we have chosen to call it double-blind. This statement is perhaps debatable and it may be 
argued that in a strict sense, the studies were single-blind, since we have no assurance that the 
patients did not find out that they were placed in one or the other group.
Study III was a non-experimental study with no intervention and no group allocation, 
although the same procedures of inclusion and exclusion criteria were followed.
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On all test occasions the assessor was a well experienced clinical physiotherapist, well 
acquainted with the tests, which would minimise any violation of intra-rater reliability. In the 
case of the self-report the questions were asked verbally. So that the patients could familiarise 
themselves with the content of the self-reported test, they were given the text before the 
structured interview.  
6.2 Methods 
6.2.1 Patient selection 
Patients were selected on the general basis of the stroke population admitted to the stroke unit 
at a general hospital on, two different occasions in the periods 1996 – 1997 (studies I and II ) 
and 2003-2004 (studies  III and IV), in order to describe the effects of physiotherapy in the 
short- and long-term perspectives.  
In order to get a representative stroke population, it was vital to include only first-
time-ever stroke patients. Furthermore, the inclusion and exclusion criteria were the same in 
all studies, so that the results could be considered comparable (I-IV). This procedure should 
have ensured that the populations were as homogeneous as possible, considering the facts that 
the time intervals differed and that persons suffering from stroke in general are to be 
considered a heterogeneous population. On the other hand, the fact that the patients were 
recruited at the same local hospital on both occasions might limit the generalisation of the 
results to this particular local area of the world. 
Inclusion criteria were first-time-ever stroke with neurological signs, verified 
clinically and by computed tomography, and voluntary participation. It was important that all 
patients should have as equal a start as possible that the differences in impairments and 
disabilities were equally and randomly distributed in both groups. This procedure would 
reduce the variability between the patients and the groups.
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In order to evaluate different approaches and intensities of physiotherapy, the persons 
treated needed to have some neurological deficits and verification by CT of that these deficits 
were actually due to a stroke and not to another medical condition.      
  Exclusion criteria were more than one stroke incident, stroke to the brain stem or 
cerebellum, subarachnoid haemorrhage and tumours of the brain, as all these conditions have 
a different pattern of recovery compared with that in patients with first-time stroke. Stroke 
patients with other severe medical conditions were also excluded, since these might seriously 
affect the patient’s activity level in the rehabilitation period and this again might be a reason 
for a patient not being able to participate in the programmes, compromising compliance. 
These conditions might also have a different recovery pattern compared with stroke. 
 In general approximately 250 – 300 patients per year are admitted to the local hospital 
with a final diagnosis of stroke. On the basis of estimates from our earlier studies (124, 144) 
we needed a total of 60 -70 patients with first-time-ever stroke to detect a difference in motor 
function with a significance level of 0.05 and a power of 80 %.
It was vital that patients were consecutively included in the trial as soon as they were 
admitted to the hospital if they fulfilled the inclusion criteria, in order to get that number of 
patients. This was also a practical arrangement, planned so that the studies would be 
concluded within a reasonable time limit and with as few drop-outs as possible. It was the aim 
that the study populations should be considered representative and comparable to the general 
stroke population admitted to the stroke unit at any time.  
6.2.2 Outcome measures 
Outcome measures and tests were chosen to allow evaluation of the effectiveness of different 
treatment approaches as relevantly as possible. In studies I and II it was important that motor 
function should be measured as objectively as possible in order to capture possible strengths 
of the two approaches; Bobath and Motor Relearning Programme. For that purpose two 
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different motor evaluations were incorporated in the tests, namely MAS (181), with its 
functional level, and SMES (182), with its test of quality of movement in parts 1 and 2. If 
functional improvements were “compensatory”, in the respect that the patients were 
encouraged to use his/her good side in order to go through with the task, this would be 
captured and unmasked by SMES, which would evaluate quality of movement to a higher 
degree than MAS, and thus capture one of the main goals of normal movement to which the 
Bobath method aspires. MAS, on the other hand would capture the functional aspects of 
movement to a higher degree than SMES, and as was hypothesised, would be able to link 
improvement to the ICF disability level. The two different evaluations of motor control (MAS 
and SMES) could also, if improvements were found, capture different “gains” both in 
function and in the quality of motor performance. It could be hypothesised that one of the 
approaches might have a more pronounced long-term impact than the other and that the result 
of this impact might not become evident until the three- month or one-year follow-up. In 
order to test this hypothesis, it was important to explore motor function from both functional 
(“quantity”) and quality points of view.
It was also important to target different levels of ICIDH / ICF (79), in order to 
elucidate the question whether and how the two different physiotherapy interventions had an 
impact on one or more levels. It has been hypothesised, and has also been a general belief in 
therapy, that improving function on the impairment level, e.g. by increasing strength through 
exercise, will automatically transfer to activities such as improved gait. That is, that this 
increased function on the impairment level will also contribute to a higher degree of activity 
and participation e.g. increased P- and I-ADL or a better quality of life (216). In order to test 
this belief, the Barthel Index of Activities of Daily Living (183) was chosen to monitor 
activities in combination with impairments, tested with SMES (182). BI is a frequently used 
ADL instrument in the clinic and in stroke trials (183,192).
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At the three-month, one-year and four-year follow-ups, a health-related quality of life 
test (NHP) was added in studies I and II to represent ICF´s participation level (184, 211-212). 
This test was different from MAS (181), SMES (182) and BI (183), since it was the patient’s 
own evaluation of health and function that was in focus, and not the performance evaluated by 
the therapist according to a standardised test. It became apparent that patients´ evaluation of 
their function and health differed from the results of the performance-based assessments, a 
finding which prompted us to conduct a study where we compared self perceived and 
performance-based evaluations (217). The outcome of that study (217) confirmed previous 
results indicating that NHP (184) measures other values than are assessed in the motor 
function tests (181-183). From the aspect of a disablement process model (ICF / Nagi) (79, 
218) it could be argued that performance-based tests reflect functional limitations and the self-
reported tests reflect disability (219-221). This would imply that self-reported tests indicate 
the level of performance of a task in the usual daily circumstances and performance-based 
measures show how well an individual can carry out a task in a clinical environment (219).  
In study III the focus was on gait capacity and its relation to balance, both static and 
dynamic, and the measurements should reflect the capacity to walk a reasonably long 
distance, and the capacity to walk fast. On admission to and discharge from the acute stroke 
unit, all patients were tested with the 6MWT (gait velocity and distance) (186), MAS (181), 
items 3 (sitting balance) and 5 (walking), BBS (185), items 6 (standing blindfolded) and 8 
(reaching forward, TUG (187) and BI (P-ADL) (183). The 6MWT was ideal, that both 
distance and ability to maintain a high velocity during a relatively long period were tested. At 
the same time the patient’s ability to assess his/her own capability to carry out the 6MWT at 
the speed chosen was also tested. In a way, endurance, motor function and coping skill were 
tested at the same time (195, 200). Walking capacity was also tested by MAS, subscale 5, and 
BI, subscale 9, but the distance was shorter. The balance measures in this study were chosen 
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to mirror dynamic and static balance, since the purpose of the study was to test the hypotheses 
that balance, both static and dynamic, is related to task and is equally important to address in 
the rehabilitation of acute stroke.
   The outcome measures in study IV were chosen to reflect the three different levels of 
WHO´s ICF (79), impairments, activity and participation, by common clinical measures used 
in stroke rehabilitation. The purpose of the study was to evaluate two different exercise 
programmes in the post-stroke rehabilitation of patients with first-ever stroke over a period of 
one year and if possible to relate this to impairment, activity and participation according to 
ICF.
   Measurements on the impairment level, in the same study, were grip strength and the 
Modified Ashworth Scale (222), which measures spasticity (results not presented in this 
thesis). Grip strength is an indicator of overall muscle strength (223). Grip strength is also 
associated with ADL (224) and can be said to represent motor function on the impairment 
level (225). Increased tone and /or spasticity have been one of the main therapeutic aims in 
physiotherapy for many years. It has been argued that an increased exercise load might 
increase tone; for this reason strength training and maximal load principles in general have 
been avoided by therapists (148). In order to evaluate the two exercise programmes from all 
angles of motor function in the present studies, it was vital to incorporate a measurement of 
tone, in this case the Modified Ashworth Scale, since the principles of maximal load were 
recommended in one of the exercise groups in study IV (222). However, there is some 
controversy as to which component of muscle function the scale is measuring, and thus its 
validity as a measure of spasticity or muscle tone is unclear (226-227). The Modified 
Ashworth Scale has been the most widely used test of spasticity in clinical practice. In recent 
years, however, the Tardieu scale has been reintroduced (228), and some authors consider this 
test to be a more valid clinical tool, since it differentiates spasticity from contracture (229). In 
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our study, however, it was important to know whether the tone increased or not and whether 
this could be related to any of the interventions. The component responsible for a possible 
increase; hyperactive reflexes or contracture, was in this case of minor consequence. 
  Measurements on the activity level in study IV were MAS (181), BI (183), 6MWT 
(186), TUG (187) and BBS (185), which give information on motor function and activity, 
ADL, gait velocity and distance, balance and mobility, all of which are vital functions not 
only in themselves but also in relation to one another. 
   Finally, measurements on the participation level were The Duke Older Americans 
Resources and Service Procedures (OARS), the Multidimensional Functional assessment of 
Older Adults by Fillenbaum (216)(not presented in this thesis) and NHP (184).  Fillenbaum’s 
test is related to I-ADL, and NHP concerns health-related quality of life. These two 
measurements reflect different aspects of participation and can be related to different 
measures on the impairment and activity levels. 
6.2.3 Statistical approach 
Descriptive statistics were used to present data in all studies summarised in this thesis. This is 
a simple way to present data and they are also easy to read (260).
The level of significance in all studies was set to 5 %, an arbitrary level set by the 
researcher. A power analysis was made in preparation for studies I and IV in order to 
correctly identify any differences between the groups. The power of a test can be influenced 
by sample size, effect size and alpha level (significance level, e.g. 0.05 or 0.01). It has been 
suggested that when small group sizes are involved it may be necessary to adjust the alpha 
level to compensate, for example by having a cut-off of 0.10 or 0.15, rather than the 
traditional 0.05 level (261).  
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In studies I and II Student’s t-test was used (MAS, BI) for comparing the mean scores 
of two different groups. The analyses were also run with a non-parametric Mann-Whitney 
test, but since the results were similar the parametric statistics was kept according to “the 
central limit theorem” (260). We also made use of ANOVA for repeated measurements with a 
Bonferroni correction, to see if there was a difference between the two groups in terms of 
effectiveness in enhancing motor function, ADL and quality of life. A further aim was to see 
if this change in performance was different in the two groups over the three time periods. The 
Bonferroni adjustment is one way to control for Type I error, by dividing the normal alpha 
value, 0.05, by the number of tests performed. A Mann-Whitney non-parametric test was 
conducted on the Nottingham Health Profile and continuous measures between the groups, i.e. 
gender differences, use of assistive devices, and destination after discharge. The Friedman 
test, the non-parametric alternative to the repeated measurements, was used for analysing 
NHP over time.   
In study III we also made use of a multiple linear regression analysis to estimate the 
association between the dependent variable gait velocity and five independent variables: MAS 
5 and 3, BBS 6 and 8, and TUG. A multiple regression analysis is based on the assumptions 
of normal distribution and a linear relationship between the dependent and each independent 
variable. The multicollinarity problem should also be assessed. This refers to a situation 
where two or more independent variables are highly correlated and implies the inclusion of 
two or more redundant variables in the analysis. MAS 5 was excluded in our model because 
of collinearity. To test for collinearity, the variance of inflation factor (VIF) and the Tolerance 
value (261-262) were used. The distribution of the residuals was examined for normality 
using the Kolmogorov-Smirnov test. 
In study IV we used a general linear model, with a univariate ANOVA and Bonferroni 
correction on each of the scores of MAS, BI and grip strength with treatment group as 
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primary factor and gender as covariate. The advantage of this two-way design is that we can 
test the main effect of each independent variable and also explore the possibility of an 
interaction effect. We also used the mixed model analysis when modelling the change over 
time with the variables group, time for test and scores of MAS, BI and grip strength 
respectively. Main effects and all two-way interactions were included in the model. The 
mixed model analysis did not add more information and we have therefore reported the results 
from the original General Linear Model (GLM).   
6.3 Discussion - Results 
6.3.1 Bobath or Motor Relearning Programme? (study I)   
This study was the first to show a difference, related to length of stay and motor function in 
first-ever-stroke patients, between two physiotherapy approaches in the rehabilitation of acute 
stroke where all other aspects of the treatment programme were kept alike for all patients. 
The study focused on two different motor control theories that are dominant within 
physiotherapy and stroke rehabilitation (92). The programmes reflecting two different motor 
control theories, the Bobath concept (148), which can be considered to be based on the reflex-
hierarchy theory (92, 148) and the Motor Relearning Programme (MRP) (84), based on a 
systems approach (92, 84). We specified the physiotherapy treatments reflecting the two 
theories specified in two different manuals, which formed guidelines for the treatment, which 
in study I was carried out by two different teams of physiotherapists during the acute stage at 
the stroke unit and the following sub-acute rehabilitation period (attachments 1-4). The MRP 
guidelines were based on a textbook by Carr & Shepherd (84) and were commented on by 
Carr and Shepherd by correspondence (attachment 2). The Bobath guidelines were based on a 
book by Bertha and Karel Bobath (148) and on the physiotherapists’ perception of the 
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programmes as they had experienced them from the Bobath courses (attachment 3). In 
conjunction with these guidelines, talks, workshops and discussions on the practice of the 
MRP and Bobath methods formed the training and practice in the two groups. The 
physiotherapists treating the MRP group did this exclusively and the same applied to the 
physiotherapists who treated the Bobath group. All physiotherapists were experienced and 
had a minimum of 10 years´ practice.  
The result of this study indicated that physiotherapy with the MRP approach was 
preferable to that following the Bobath concept in the acute rehabilitation of stroke patients. 
That is, a systems approach, in this case MRP, which defines movement as an interaction 
between the individual, the task and the environment and sees movement as the result of a 
dynamic interplay between perceptual, cognitive and action systems (84, 92), was more 
beneficial than a reflex-hierarchical approach, as represented by the Bobath treatment, where 
“normal movement” is facilitated and “abnormal movement”, associated reactions and 
spasticity are inhibited (148).
  The criticism and discussion around this study have been related to the authors´ 
interpretation of the Bobath concept and to whether or not the Bobath method is a reflex-
hierarchical method or not. The most ardent critics of the study consider that the Bobath 
concept has changed and that it is now a programme based on a systems approach, and claim 
that there are no differences between the methods. This might be the case and may also 
explain why recent studies have had difficulty in reproducing our results (230).
  However, this is not in conformity with the published literature and with the official side 
of the International Bobath Instructors Training Association (IBITA) (231), presenting the 
Bobath concept. The presented therapy is based on the same “normal movement”, the 
proximal key components shoulders and hips, “handling of the patient”, and inhibiting of 
associated reactions and spasticity as presented by the Bobaths originally (148), but now with 
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references to recent research and systems approach theories. This give reason to believe that 
the common practice is the same as ever, but those explanatory motor control theories have 
been changed to suit recent research. If this is the case, this might lead to confusion in clinical 
practice, since motor control theories and clinical practice operate on different levels and the 
treatment protocols are not identical. 
  This indicates the importance of our study, where therapeutic input has to be defined in 
accordance with theories of motor control (92, 139) and a model of disablement (92, 139). In 
order to change the basis of clinical practice from one motor control theory to another, one 
has to be aware of what explanatory models are being used in order to redirect into something 
else (138-139). Physiotherapy should be based on the “clinical decision-making process”,
which includes gathering information, which is essential for developing a plan of care, that is 
consistent with the problems and needs of the patient (92). This in turn is based on 
“hypothesis-oriented clinical practice”, which means systematical testing of assumptions 
about the nature and cause of motor control problems and reflects the theories of a clinician 
about the cause and nature of function and dysfunction in patients with neurological disease 
(92). It is therefore of vital importance to describe what is being done in clinical practice in 
terms of exercises, repetitions, intensity, frequency and length of exercise classes and to 
whom it is done and their age, gender and health problems, in order to evaluate the same 
exercises in the light of the hypothesis and also to place the assessment and plan of treatment 
in the framework of the disablement model, for example WHO´s ICF (79). 
In our study we tested the hypothesis of two motor control theories; the systems 
approach versus the reflex-hierarchical concept. We evaluated the results within the frame of 
ICF and found that a programme based on the systems approach was beneficial. The result of 
our study suggests that clinical practice should be based on the clinical decision-making 
process and that task-oriented physiotherapy should be chosen in preference to physiotherapy 
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that aims to prevent spasticity and associated reactions and to stabilise the trunk and head in 
order to prepare the patient with stroke for exercises. 
Handling patients with stroke in accordance with specified theories of motor control, 
“a global aspect”, has been and is today a driving force in physiotherapy and stroke 
rehabilitation (84, 92, 148). Our study I was the first to test this global aspect in acute stroke 
rehabilitation and also seems to have led to the adoption of a systems approach. The 
recommendations from Cochrane reviews are also clear:  “There is a need for high quality 
randomised trials and systematic reviews to determine the efficacy of clearly described 
individual techniques and task-specific treatments” (167). 
  The National Board of Health and Welfare in Sweden recommends task-oriented 
therapy in the acute treatment of patients with stroke (level 3 on a range from 1-10) and does 
not recommend therapies that are not based on the task-oriented approach, such as Bobath and 
PNF because of lack of evidence (18). The Ottawa panel (20) also found good evidence for 
task-oriented therapy; the panel concludes that such therapy should be strongly recommended 
in the rehabilitation of stroke patients and agrees with other clinical guidelines which do not 
to recommend the use of the Bobath approach at large. 
6.3.2 Bobath or Motor Relearning Programme? A follow-up (study II) 
The main findings in this study were a high mortality rate and a decrease in function in the 
survivors one and four years after stroke, irrespective of the physiotherapy given during the 
primary rehabilitation. The decrease in function was more pronounced than in the average 
population of old people (232). The decline in motor function and ADL was compensated by 
help from relatives and community–based services. Despite this reduction of motor and ADL 
function, the health-related quality of life, as measured by NHP (184), was reportedly better 
than at three months of follow-up, but was low compared with that of healthy counterparts 
(232-234).
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In general the patients received little or no physiotherapy after the first rehabilitation 
period. This finding was in sharp contrast to the initial stroke care received by the patients.
The lack of follow-up treatment, in combination with the increased burden on the relatives, 
was also contradictory to the increased health-related quality of life, as measured by NHP 
(184), which was self-reported. It seemed as if the performance-based and the self-reported 
assessments measured different aspects, as we also have observed in another study (217).
However, if in Norway a doctor refers a patient with a diagnosis of stroke to a 
physiotherapist, the patient have a “right” to 80 hours´ physiotherapy free of charge in the 
community per year. It was puzzling that this possibility was not utilised to a greater extent. It 
might be speculated whether the reason for this could be an expectation that the interventions 
in the acute stage would carry over in the longer perspective? Or was it possibly expected that 
interventions in the acute rehabilitation stage would lead to a higher activity level auto-
matically and indirectly contribute to higher participation and thus would keep the body 
functioning on “all levels”?  
Our follow-up made it quite clear that physiotherapy in the acute stroke unit / acute 
rehabilitation did not carry over in relation to time, irrespective of what kind of physiotherapy 
- MRP (84) or Bobath (148) - the patient had received during the initial stage.
The discrepancy between the results of the health-related quality of life test and the motor and 
ADL function tests at one year led to study IV.
6.3.3 The relation between gait velocity and static and dynamic balance 
in the early rehabilitation of patients with acute stroke (study III) 
 The most important finding in this study was that gait, measured with 6MWT (196-198) was 
equally related to static and dynamic balance in the very early stage after an acute stroke. The 
strong relationship between static balance and gait velocity on admission indicates a need for 
enhancement of stability at this early stage in stroke patients (235-238). On the other hand the 
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relationship between gait velocity and dynamic balance indicates that dynamic balance, also, 
is related to gait velocity at this early stage of recovery (237). The clinical implication being 
that balance, both static and dynamic, should be equally addressed at the early rehabilitation 
stage, and that balance, both static and dynamic, is related to task, e.g. walking, getting up 
from a chair, turning, and reaching, and cannot be regarded as separate from the task (40, 
239).
  Improved dynamic balance was also a highly explanatory factor of increased gait velocity. 
The resemblance of tasks, requiring cognitive, sensory and visual coordination, is one factor 
connecting the two. Another is improved muscular function and presumably improved 
strategies for accomplishing the task (40, 115, 239-243). From a clinical point of view, the 
improvements are fairly moderate compared to values in healthy older people of 
corresponding age, indicating dependence on assistive devices (244). Considering the fact that 
many of the patients with stroke are sent home at this point of rehabilitation, this might 
indicate a risk of falls and/or inactivity because of limited function, and huge costs in energy 
when performing daily activities. 
  In many ways this study confirms the results of study I (144), and supports a systems 
approach. Movement is dependent on an interaction between the individual, the task and the 
environment, where movement is the result of a dynamic interplay between perceptual, 
cognitive and action systems (92). Walking capacity and gait velocity are related to balance, 
both dynamic and static. In order to address walking capacity in the acute stage of stroke 
rehabilitation, static balance cannot be addressed alone in a hierarchical fashion, “stability 
before mobility”, but the task walking need to addressed at the same time as task-related static 
and dynamic balance components. 
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6.3.4 Stroke patients and long-term training: is it worthwhile? A 
randomised comparison of two different training strategies after 
rehabilitation (study IV) 
This study is, to our knowledge, the first randomised controlled trial in which an 
intensive exercise programme is compared with regular treatment in patients with first-time-
ever stroke during the first year after the period in the acute stroke unit. Other similar studies 
have concerned patients with chronic stroke (161, 164, 166, 249-254) and patients with mixed 
first- and second-time stroke (77, 161,164, 166, 249 - 250, 252 -254) with interventions for 
shorter periods. The improved function in these studies could also be seen as a reduction of 
secondary complications and inactivity after stroke and not as prolonged recovery after stroke. 
The benefit of treating a group of patients with first-time stroke for a longer period, such as 
one year as in our study, is that the secondary complications in connection with inactivity are 
minimised. The improvement and maintenance of function can then be attributable to the 
spontaneous recovery and rehabilitation. 
Our main findings were that the improvements in motor function, activities of daily 
living and grip strength during the acute rehabilitation period continued and were maintained 
during the first year after stroke. These observations were made in both the intensive exercise 
group and regular exercise group, contrary to our hypothesis. However, the exercise levels 
were high in both groups in this study, higher in the regular-exercise group than anticipated 
from earlier experience (124). This was unintentional, but probably due to high motivation on 
the part of all participants regardless of their group allocation. We believe that this high 
motivation was triggered by the test occasions and regular contact with a physiotherapist, 
leading to higher exercise levels in the regular exercise group, identical to those of the 
intensive exercise group. In this study, the improvements in MAS (181) and BI ( 183) scores, 
in both groups, were larger at three months and one year than were found in a previous 
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follow-up study of stroke patients who received little or no treatment in the after-stroke period 
(124). Such improvements and the maintenance of motor function, activities of daily living 
and grip strength in patients with first-time-ever stroke have not, to our knowledge, been 
demonstrated in any other study. In our opinion, these positive results are due to the regular 
exercise programmes and the regular follow-ups three, six and twelve months following the 
acute stroke.
We did not find any significant differences in motor function, activities of daily living or 
grip strength between the intensive exercise and regular exercise group on any test occasion. 
This might be explained by several factors. One is that the motor function and activities of 
daily living were slightly better in the regular exercise group than in the intensive exercise 
group at the first test on admission. This difference should not, however, have had an impact 
on the patients’ reactions to the rehabilitative input, since even the most severely affected 
patients may experience meaningful improvement during early rehabilitation (37, 55, 255-
258).
 Regarding the different degrees of improvement in the two groups, there were 
significantly greater improvements in the intensive exercise group in the total MAS score and 
the total BI score during the first rehabilitation period between admission and discharge 
(Table 7). Grip strength of the paretic hand showed the same tendency between the three- and 
six-month tests (Table 7). It might seem that the poorer function in the intensive exercise 
group on admission was compensated by a more sensitive and rapid reaction to therapy in the 
early rehabilitation stage. 
The training levels, compliance and motivation were equally high in the two groups. 
There was no difference in training habits or follow-ups between the groups on any of the test 
occasions (Table 5). The intensive training that was compulsory in the intensive exercise 
group was compensated by an extensive self-training programme in the regular exercise 
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group. This result was somewhat surprising. Our earlier study had revealed little or no 
physical activity in the first year after stroke (124). This high compliance and training could 
have been triggered by the regular test occasions, which all patients of both groups were 
informed would take place three months, six months and one year after the stroke. The test 
occasions in themselves were strong motivators for training and seemed to make the 
participants, irrespective of group allocation, aware of their own need for exercise. This 
supportive role of supervision or of inclusion in a social group has also been noted in a study 
by Olney et al (259). The result can also be compared with findings in similar studies where 
social support, defined as “the experience of information that one is loved and cared for, 
valued and esteemed and able to count on others should the need arise” (245), has resulted in 
a sense of control which has improved the individual’s ability to cope with stress (131, 246-
247)
One of the weaknesses of study IV is the fact that for different reasons the two groups 
were equally active in doing physical exercises. We did not have a true control with which to 
compare our findings. However, the results of these groups at the end of the year were better 
than those previously presented from comparable studies (124, 259). All the patients had kept 
their motor, hand, and ADL functions reasonably intact, which must be said to be an excellent 
achievement.  
Another weakness is the fact that the intensive exercise group did not comply one 
hundred per cent with the proposed interventions. This of course must be seen in the light of 
the fact that stroke is a complex disease with a heterogeneous population and development. In 
that respect we had a representative stroke population in our study.
One fact that might be considered a weakness was that some therapists administered a 
sub-maximal programme to patients whom they had volunteered to exercise maximally. This 
was explained by the therapists involved as being a practical adaptation to pathological 
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conditions such as heart failure, pain and a poor cognitive status, which inhibited maximal 
effort. In order to carry out the exercises, adjustments were made so that routines could be 
maintained throughout the study period. This is probably also one of the reasons why so many 
patients complied with the exercise programmes.    
7 Conclusions and clinical implications 
x Physiotherapy treatment using the Motor Learning Programme approach is preferable 
to that based on the Bobath concept in the acute rehabilitation of patients with stroke. 
x There is no carry-over effect of gains obtained during initial physiotherapy regimes on 
long-term function. During the first to fourth year after a stroke, with minimal or no 
intervention, there is a rapid deterioration of activities of daily living and motor 
function and an increased dependency on relatives. There is a gap between the acute 
phase with intensive treatment, and later stages with no or little follow-up of 
physiotherapy or rehabilitation activities. 
x There is a strong relationship between the 6-Minute Walk Test and static and dynamic 
balance in the early rehabilitation of patients with stroke. This indicates that balance, 
both static and dynamic, needs to be addressed equally in the early rehabilitation of 
stroke patients, and is closely related to task, e.g. walking, getting up from a chair, 
turning, and reaching, and cannot be regarded as separate from the task. 
x Motor function, activities of daily living functions and grip strength improved and 
were maintained during the first year after stroke in all patients irrespective of the 
exercise regime. This indicates the importance of motivation for regular exercise 
in the first year after stroke.  
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x ry
e encouraged and instituted by 
medical staff with knowledge and an interest in intensive functional exercise 
programmes individually tailored for stroke patients. 
r further research 
The res
ll
ith stroke. 
Prefera s on 
e
ow existing tests and instruments can be used in stroke care and to 
determ s
, there 
difficulties that might arise in all areas as a consequence of these problems. There is a need to 
A follow-up programme on a consultative basis is as beneficial as a compulso
exercise programme. However, the exercises need to b
8 Suggestions fo
ults of this thesis indicate challenges for the physiotherapy practice and generate 
questions for further research: 
First: There is a need, in both the acute and chronic stroke rehabilitation, for further 
development of effective physiotherapy programmes and task-oriented interventions that wi
enhance function, activity and participation, including quality of life, in patients w
bly the development of physiotherapy programmes should incorporate question
frequency, intensity, time and type of training in relation to patients with stroke.  
Secondly: In order to develop these programmes there is also a need to further 
investigate instruments and tests whereby the progression of functions in patients with strok
can be evaluated and measured. Although several instruments are available, for example 
testing endurance, very few have been tried specifically on patients with stroke. There is a 
need to further explore h
ine whether there is a need to develop new instruments to capture the specific problem
in patients with stroke. 
Thirdly: Although stroke research has developed immensely through the years
are still very few studies describing the circumstances of patients with stroke and their 
relatives, and their new life with residual problems resulting from the stroke and the 
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investigate how practical programmes for stroke patients involving and carried out by their 
closest relatives, can influence the outcomes in all dimensions of health and coping, to sustain 
functio
 effect 
n
 and coping strategies. This can serve 
as a mo
velopment of 
ervices, methods and outcome measures in care and in research in the future. 
n, activity and participation.
In summary: it is hoped that this research will have increased the insight into the
of different physiotherapy approaches and will have contributed to the development of 
evidence-based practice in physiotherapy in stroke. Aspects of motor function recovery i
stroke patients in the longitudinal perspective have been described, and the results have 
hopefully contributed to the recognition of the importance of follow-up of patients with 
stroke. Furthermore, this work has contributed to the physiotherapy approach in the acute 
stroke setting, by elucidating the importance of task-oriented exercises and, in the chronic 
stage of regular follow-ups, which enhance motivation
del for physiotherapy rehabilitation of stroke.
It is hoped that the results of these investigations will be useful in the de
s
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Attachments 
Attachment 1 
Physiotherapy Study I, Bobath or Motor Relearning Programme? 
Both groups: 
ADL activities: 
Turn in bed 
From lying to sitting 
From sitting to standing 
Standing position 
Walking 
Progression type even - uneven surface, variation of speed, walking stairs 
Balance:
Do exercises in all positions according to programme / approach 
Transfer:
Do exercises in all positions according to programme / approach 
Arms:
Do stability and mobility exercises in all directions; frontal, horizontal and sagittal 
Hands:
Exercises for gross and fine motor function  
Trunks:
Exercises for stability and flexibility according to programme / approach 
Legs:
Do stability and mobility exercises in all directions; frontal, horizontal and sagittal 
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Attachment 2 
Physiotherapy group 1. 
Motor Relearning Programme: 
Dress during exercises:  functional and comfortable but the patient’s choice 
Time:    40 minutes 
“Therapy style”: coach The physiotherapist takes initiative to and arranges the 
exercises, the patient is in command by expressing his / her 
goals, verbally and physically, according to what is most 
important to achieve for him / her. 
Exercise premises: Functional room; e.g. the patient’s room, bath, kitchen; as 
realistic situation as possible 
Exercises are characterized by: 
1. “Hands -off” therapy wise. The exercises are arranged and supervised by the 
physiotherapist but the patient goes through with it. 
2. Focus on the whole task and coping. How is secondary; increased spasticity and 
“pathological reflexes” is accepted as long as the patient can perform the task / 
function.
3. The therapist is not thinking of CNS as a hierarchy: if the patient wishes to try; we try! 
4. Motor control theory according to the philosophy; stimuli acts on different systems in 
the brain and body; will power is the most powerful stimuli. 
5. Assistive devices allowed according to the philosophy: 2any function is better than 
none”.
6. Function / tasks are trained in ecological environment that is as realistic environment 
as possible in order to achieve maximal motivation and focus. The whole of the task is 
exercised / trained, not part of the task or function. 
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Attachment 3. 
Physiotherapy group 2. 
Bobath concept: 
Dress:   shorts or swimming suit, as undressed as possible in order for the 
physiotherapist to observe muscles and bodyweight position 
Time:  40 minutes 
“Therapy style”; the expert: The physiotherapist leads the exercises. The patient is the 
recipient. 
Exercise premises: The gym, therapy location 
Exercises are characterized by: 
1. Manual stimulation of the hemiplegic side type stroking, “clapping”, use of weight 
shifting and shifting of the weight load. Stimuli according to the notion: right muscles 
should be manually touched; if dorsiflexion is weak, stimulation by hands-on to 
dorsiflexors!
2. Focus is always on the hemiplegic side; the physiotherapist always addresses the 
patient from this side. 
3. The development of spasticity is closely watched by the physiotherapist. Pathological 
reflexes are inhibited, so called synergies, AR are not tolerated. 
4. The development goes proximal to distal. That is; stability in trunk, shoulder and hips 
is of high priority. When this is achieved a more integrated movement is exercised 
type “wave with your fingers with straight elbow and flexed shoulder”. 
5. Therapy is based on a hierarchical development type children’s motor development in 
the first year. Therapy is progressed thereafter; first turning in bed, sitting, crawling, 
and walking in that order… 
6. Assistive devices are not allowed. The patient is not allowed to propel the wheel chair 
with the unaffected arm and leg see 2 and 3. If the patient needs support for feet it 
should be for both feet. 
7. The patient is examined by the physiotherapist who evaluates the performance and 
develops the exercises in parts; e.g. hip stabilisation is trained in preparation for 
walking. When the patient is stable at the hip, the exercises are progressed till all “part 
training” is put together as a whole. 
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Attachment 4 Suggested components of the intervention programme 
Time: 45 minutes 
Endurance:
Intensity: HI - 70-80%, calculated from maximal pulse: 208 - 0.7 x age 
(Tanaka 2001) or 15 – 17 (hard to very hard) on Borgs rating scale of 
perceived exertion. At least two pulse peaks when training 
ME – 50 -60 % calculated from maximal pulse: 208 - 0.7 x age (Tanaka 2001) 
or 12 – 14 (hard to very hard) on Borgs rating scale of perceived exertion. At 
least two pulse peaks when training 
Proposal exercises: 
  - Walking 
- Bicycling on stationary bike (arm- , leg- or combined) 
-  treadmill 
- step 
- working with balls or balloons 
Strength:
Intensity 50-60% calculated from 1RM, dynamic, concentric and eccentric  
with preference for the last. 
Proposal exercises: repetition 10 x 3
- Extension of back: pulley, pull-down, “walking stick”, lying- 
extension.
  - Stomach: ordinary sit-ups with fixation of pelvis if necessary 
  - Arms: push-ups in chair, weight –lifting, water bottles, pulley 
  - Hips-legs: ordinary knee flexion / extension, walking stairs, steps 
- Legs-feet: toe-and heel rise on the floor, step, Airex mat, with or 
without support 
Balance:
Maximal level on Borg: Varied with increasing difficulty: more or less visual 
input, visual or auditory “disturbances”, obstacles.
Proposal exercises: 
  - walking even / uneven surface 
  - walking in 8, keeping borders 
  -  walking on a line 
  -  dual task 
  - obstacles 
  - dancing 
  - tai-chi 
If not possible with any of the above: 
  - sitting: senior dance, balls, balloons
Use breathing techniques, take breaks; especially with heart and lung problems. 
Do light stretching on big muscles after the end!  
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